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ii · 
A 3 yr , 2 2  fac t o r i a l s tudy was c o nduc t e d  w i t h 1 3 3  
ma t u r e  S i mmental X Angu s  c ow s  c a l v i ng f o r  8 1  d beg i n n i ng i n  
m i d-March t o  de t e rm i ne m i n i mum c ow body c ond i t i on r e qu i r e d  
f o r  adequa t e  reproduc t i v e  p e r f o rm an c e  o f  r a n g e  be e f  c ow s . 
Two l ev e l s  o f  e ar l y  ( e a r l y  D e c embe r �o m i d- Februa r y ) and 
l a t e  ( f rom c a l v i ng dat e to e a r l y  May} w i n t e r  nu t r i tio n w e r e  
i mpo s ed . Nu t r i t i ona l t r ea t me n t s  p r oduc e d  t o t a l  w i n t e r  
( D ec emb e r -May ) we i gh t  c h an g e s  rang i ng f r om -1 8 8  t o  - 5  k g  
and w i de c ow body c o nd i t i on d i f f e r enc e s  a t  c a l v i ng and 
bre�d i n g . T h e  b r e e d i ng s e a s o n l a s t ed 6 0 -70 d beg i nn i n g 
June 5 each yr . V i s ua l  c o nd i t i on s c o r e s  ( C S  1 - 9 , l=th i n ) , 
we i g h t  t o  h e i ght r a t i o s ( WH R , k g /em ) , and bac k fat 
mea s u r emen t s  (mm ) we r e  d e t e r m i n e d  mo n t h l y  f r om D e c emb e r  t o  
Ju l y . B l ood s amp l e s  we r e  c o l l e c t ed 7- 1 0  d apart i n  May, 
June and Ju l y  f o r  p r o g e s t e r o n e  and i n  March and May f o r  
s e rum d�B - h ydroxybu t y r a t e  ( BHB ) and urea n i t r o g e n  ( S UN) 
de t e rm i na t i on s . P e r c e n t age o f  c ow s  on l ow e a r l y  and l a t e  
w i n t e r  nu t r i t i o n t h a t  we r e  c yc l i ng a t  t h e  s t a r t  o f  t h e  
b r e e d i ng s e a s on was d e pr e s s ed ( P < . 0 5 }  and c a l v i ng i n terva l 
f o r  t h o s e  c ows wa s e x t ended (P < . 0 5 ) . C a l f  we i ght ga i n s 
(c a l v i ng t o  May ) and 2 0 5  d adju s t e d  we i gh t s  we re h i gh e r  
(P < . 0 5 )  a s  l e v e l  o f  w i n t e r  nu t r i t i o n i nc r e a s e d du r i n g t h e  
iii 
l a s t  2 yr o f  t h e  s t udy . .  C ow s  o n  ear l y  w i n t e r  l ow e n e r gy 
t r e atment had h i gh e r  (P < . 0 5 ) S UN l ev e l s  i n  Ma rch . W i t h i n  
l a t e  w i n t e r  t r e atme n t s  B H B  l e ve l s  we r e  h i gh e r  ( P < . 0 5 ) and 
SUN l e v e l s  were l owe r (P < . 0 5 )  f o r  t h o s e  cows o n  h i gh v s  l ow 
e ar l y  w i n t e r  nut r i t i o n . P r e gnancy r a t e s  we r e  s i m i l a r  and 
�9 0 %  f o r  a l l  t r ea tmen t s . A s  c o w  body c ondi t i on i nc r e a s ed 
i n  Mar c h  and May pe r c e n t ag e  o f  c ows cyc l i ng i n  Jun e  
i n c r e a s ed (P < . 0 5 ) . A s  l ev e l o f  C S  i n  June i nc r e a s e d  t hin 
c ows ( C S �4 )  i n  Mar c h  had a m o r e  po s i t i ve (P < . 0 5 )  re s pons e 
i n  p e r c e n t ag e  o f  c ows c yc l i ng i n  Jun e  than c ows i n  ave r ag e 
o r  g o od c o nd i t i o n (CS = 5  and �6 i n  March , r e s pe c t i ve l y ) . 
Fo r c ows >60 d p o s tpar t u m  a t  t h e  s t a r t  o f  the b r e ed i ng 
s ea s o n  c a l v i ng i n t e rv a l  wa s dec r e a s ed (P< . 0 5 )  a s  Jun e  WHR 
i nc r e a s ed f r om 2 . 6  to 3 ·. 3  k g /em . F o r  c ows �6 0 d p o s tpa r t um 
c a l v i ng i n t e rv a l  wa s de c r e a s ed ( P < . 0 5 )  as March , Ma y and 
Jun e WHR i nc r eas ed . I n t e r ac t i on s  be tween c ow body 
c o n d i t i on i n  March and May o r  Jun e  d i d  not a f f e c t  ca l ving 
i n t e rv a l . 
( Ke y  wo rds : Ran g e  C ow , Nut r i t i on , Body Cond i t i o n , 
R e p r oduc t i o n ) 
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1 
INTRODUCTION 
Landma rk r e s e a r c h· i n  t h e  c ow nut r i t i on a r e a  
de t e rm i ned t h a t  r e s t r i c t e d  e n e r g y  and pro t e i n  i n tak e dur i ng 
t h e  p re- amd p o s tpa r t um pe r i od was de t rimen t a l  t o  c ow 
pe r f o rmance . I n  t h e  que s t  t o  p i np o i n t  c o w  nut r i t i o n a l  
r e qu i remen t s  i t  wa s f o und t h a t  meas u r e me n t s  o f  c ow body 
c o nd i t i on we r e  d i r ec t l y  r e l a t ed t o  nutr i t i on a l  s ta t u s  and 
c ow body c ompo s i t i on . L a t e r  r e s e a rc h  rec o gn i z e d  t h e  
r e l a t i on s h i ps be twe e n  c ow b o dy c ondi t i on at var i ous pe r i o d s  
dur i ng pre gnancy a n d  l a c t a t i on a n d  subs e quent r e p r oduc t i ve 
pe r f o rmanc e . 
Once e s tabl i s h e d  l e v e l s  o f  c o w p e r f o rmanc e a r e  
a s s o c i ated w i t h deg r e e s  o f  c ow body c ondi t i on dur i ng t h e  
p r oduc t i on pe r i od t h e n  t a r g e t  b o d y  c o nd i t i ons c an b e  
de t e r m i ned f o r  ade qua t e  c ow pe r f o rmance. F e ed i ng t owar d  
th e s e  t a r g e t  c ow body c ondit i on s  wou l d  dec r e as e nut r i t i o na l  
e x c e s s e s  and de f i c i enc i e s wh e n  s uppleme n t i ng c ows g ra z in g  
mat u r e  f o r ag e s . 
The objec t i ve s  o f  t h i s  s t udy we re to : 1 )  eva l ua t e  
i nd i c a t o r s  o f  c ow b o d y  c o nd i t i o n f o r  t h e i r  u s e f u l ne s s  a s  
pred i c t o r s  o f  c o w  p e r f o rmanc e a n d  2 )  de t e rm i n e  m i n i mum c ow 
body c o nd i t o n  r e qu i r e d  t o  ma i n t a i n ade quate r e p r oduc t i v e  
pe r f o rma nce o f  rang e b e e f c ows. 
REV I EW OF L I TE RATURE 
NUTRITIONAL REQUIREMENTS OF BEEF COWS 
E n e rgy Requ i r em e n ts . E n e r g y  r e qu i r e me n t  is the 
f i rst c ons i de r a t i o n when unde r tak i n g r a t i o n f o �mu l a t i o ns 
f o r  be e f  c o ws and as l i st ed by t h e  Nat i on a l  Rese a r c h  
C o unc i l  ( NR C , 1 9 8 4 ) p r o v i de base lin e  va l u es f o r  spe c i f i c  
ages , we i g h ts and stages a n d  l e v e l s  o f  p r oduc t i on . Und e r  
c e r t a i n  c i rcumstances t h ese va l u es d o  n o t  r e f l e c t  t h e  
2 
ac t u a l n e e ds o f  t h e  an i ma l . T h ese tabu lar val ues as d o  n o t  
tak e i n t o  ac c o un t e x t r a n e o us c i rcumstan c es tha t af f e ct 
e n e r g y  r e qu i rements suc h  as body c ondi t i on d i f f e r enc e s  and 
env i r onme n tal e f f e c ts . 
E n e r g y  needs a r e  a f f e c t ed by body c o nd i t i on 
( Fa r r e l l  e t  a l . ,  1 9 7 2 a ; G a rnswo r t h y  and Topps , 1 9 8 2; 
Wagn e r , 1 9 8 5 ; Hought o n , 1 9 8 6 ) .  F a r r e l l  e t  al . ( 1 9 7 2 a )  
obse rved that fast i ng h e a t  p r o duc t i o n ( kc a l / k g  l i ve body 
we i g h t) , a measurement of ma i n t enance e n e r g y  c ost , was 
h i g h e r  f o r  t h i n  ewes ( 7 % body fat ) than fat ewes ( 27 %  body 
fat ) ma i n ta i n i ng body we i gh t  o n  past u r e . K l ost e rman et al . 
( 1 9 6 8 ) co r r e c t ed c ow ma i n t e nanc e r e qu i r eme n t s  f o r  c ow body 
cond i t i on us i n g we i g h t  t o  h e i g h t  r a t i os . H e  s uggested t hat 
d i g est i b l e  e n e r g y  for ma i n t enance (kcal / un i t  m e t abo l i c  
we i gh t ) was l ow e r  fo r h e av y  c o nd i t i oned c ows ( h i g h e r  we i ght 
3 
t o  h e i gh t  ra t i o s ) than th i n  condi t i oned c ows . Lemenag e r  e t  
a l . ( 198 0) s h owed tha t  TDN re qu i r emen t s  ( kg x hd- 1 x d- 1 .) 
dec r eas ed as body c o nd i t i o n i nc re a s ed , w i t h a c ondit i o n  
s c o r e o f  3 . 21 ( 3  = av er age) re qu i r i ng no adj u s tme n t. 
Hough ton ( 1 98 6 ) obs e rved t h a t  f l e s h i e r c ow s  may have l ow e r 
predi c t ed ma i n t enance e n e r g y  r e qu i remen t s  f o r  each Mea l o f  
b ody energy. Th omp s o n  e t  a l . ( 1 98 3 b ) r e po rted t h a t  f a t t e r  
c ow s  o f  Here f o rd-Angus b r e ed i n g  h ad l ow e r  ma i n t en an c e  
e n e r g y r e qu i reme n t s  ( Kc a l / un i t me t aboli c we i g h t) t h a n  thi n 
c ow s  o f  the s ame b r e edi ng . Wag n e r  ( 1 9 8 5 ) i n t r oduc ed t h e  
i dea t h a t  a quadr a t ic e f f e c t  m a y  i n  fac t o c c u r , w i t h 
av e r ag e  c o nd i t i o n ed c ows h av i ng t h e  h i gh e s t m e tabo l i z ab l e  
e n e rgy needs pe r un i t  me tabo l i c we i gh t  c ompa r ed t o  th i n  and 
h e avy c ond i t i oned c ows . Th i n  c ow s  o f  c o ndi t i on s c o r e  3 and 
f a t  cows of c o ndi t i o n s c o r e  7 r e qu i r e l e s s  me tabo l i z ab l e  
e n e rgy pe r un i t  me tabo l i c  w e i g h t  ( 4 .4 and 8 . 9% l e s s , 
r e s pec t i v e l y) than c ows o f  c o nd i ti on s c o r e 5 .  
Many s t udi e s  have f o c u s ed on the e f f e c t s  o f  
env i ronment o n  e n e r g y  r e qu i r e m e n t s  f o r  ma i n t e nanc e o f  b e e f  
c ows ( J o rdan e t  a l . ,  1 9 6 8; H i r o naka and Pe t e r s , 1 9 6 9 ;  
L i s t er e t  a l .  1 9 7 2 ;  Young , 1 9 7 5; Yo ung , 1 9 7 9; McCo n e , 
1 9 8 0) . We s t ra and Ch r i s t o ph e r s o n ( 1 9 7 6 ) s h owed t h a t  d i e t  
di g e s t i b i l i ty and r e t e n t i on t i me o f  di g e s ta a r e  d e c r ea s ed 
wh i l e dry mat t e r  i n take and g u t  mo t i l i t y a r e  i nc r e a s ed du e 
t o  th e e f f e c t s  o f  c o l d  s t r e s s . Ki b l e r  and B r ody ( 1 95 1 ) 
demo n s t ra t e d t h a t  dry ma t t e r  i n take dec r e a s e d  and 
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; 
ma i n t enanc e e n e r g y  r e qu i r em en t s  ( Mea l /kg ) i nc r e a s ed dur i ng 
heat s t r e s s . W i nd s p e ed , p r e c i p i ta t i on , t empe r a t u r e  
( H i r o naka and Pete r s , 19 6 9 ; Young 1 9 7 5 ) and acc l i m i t i z a t i o n 
( l o n g  t e rm adaptat i o n t o  w e a t h e r ; Young , 1 9 7 5 ) a -f f e c t  
ma i n t enanc e r e qu i r e me n t s  o f  be e f  c ow s . I t  i s  sugg e s t ed b y  
the NRC ( 19 8 1 ) t h a t  c o w  e n e r g y  r e qu i reme n t s  n e e d  t o  b e  
modi f i ed f o r  spe c i f i c  e nv i r o nmen t s . 
M i l k i ng ab i l i t y di f fe r enc e s  between c o ws h av e  a l s o  
b e e n  s h own t o  a f f e c t  ma i n t e na n c e  e n e r�y r e qu i r emen t s . 
W i l s o n  e t  a l . ( 1 9 6 9 ) , H o l l oway e t  a l . ( 1 _97 5 ) , Thomp s o n  et 
a l . ( 1 9 8 3 b ) and Wh i t t i e r  et a l . { 1 9 8 7 ) sh owed that c ow s  
p r odu c i n g  mo r e  m i l k  h ad g r e a t e r  e n e r g y  r e qu i rement s 
( kc a l / un i t  me tabo l i c w e i g h t ) .  L emenag e r  e t  a l . ( 1 9 80 ) 
de t e rm i ned that c ow s  w i th g re a t e r  m i l k i n g  ab i l i t y h ave 
h i g h e r  da i l y TDN ne eds du r i n g  g e s t a t i o n  and l ac t a t i on f o r  a 
g i ve n  l i ve we i gh t . Fe r r e l l  and J e nk i n s ( 1 9 8 4 ) repo r t e d  
t h a t  n o np r e g nan t , n o n l ac t a t i ng c ow s  w i th h i g h e r  m i l k i ng 
ab i l i t y ( S i mmen t a l  X H e r e f o r d  o r  Ang u s  and J e r s e y  X 
He r e f o rd o r  Angus ) had i nc r e a s ed m e tabo l i zab l e  ene r g y  
r e qu i r e me n t s  ( k c a l / un i t  me t ab o l i c we i ght ) whe n c ompa r e d  t o  
c ow s  w i th l ow e r  m i l k i ng ab i l i t y ( Ch a r o l a i s X H e r e f o rd o r  
Ang u s , and H e r e f o rd X Angu s  r e c i pr oc a l  c r o s s e s) . M i l k i ng 
ab i l i t y  and no t f rame s i z e app a r e n tly was the cau s e  f o r  
i nc r e a s ed e n e r g y  r e qu i r em e n t s  a s  they found s i mi l a r  e n e r g y  
n e e d s  ( k c a l  me taboli z able e n e r g y / u n i t  me tabolic we i g h t ) f o r  
c ow s  w i th d i f f e r i ng f r ame s c o r e s . The s e  la s t  two s t ud i e s  
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wou l d  su gge s t  t h a t  h i g h e r ma i n t e nance e n e r g y r e qu i r ement s  
i . e . ·h i g h e r  me t abo l i c r a t e s  o f  c ows , may b e  a s s oc i at ed w i t h  
g r ea t e r  m i l k p r oduc t i on p o t e n t i a l . 
Effec t o f  Ene rgy I n ta k e  o n  C ow Pe r fo rmanc e .  The 
e f f e c t s  of e n e r g y  i n tak e o n  t h e  p r oduc t i v e capab i l i t i e s  of 
t he b e e f c ow have b e e n  s t ud i ed ex t e n s ive l y  and w e r e  
s umma r i z ed by Dunn a n d  Ka l t e nbach ( 1 9 80 ) . B e e f cow s  f e d  
i nade qu a t e  p r epar tum e n e r g y  l eve l s  a r e  l e s s  l i ke l y  t o  
ma i n t a i n  o r  g a i n  i n  c ond i t i on s c o r e  p r i o r  t o  c a l vi ng 
(W i l tbank e t  a l . ,  1 9 6 2; B e l l ow s  e t  a l . , 1 9 8 2 ) , have l e s s  
mea s u r abl e bac k f a t  ( B e l l ow s  e t  a l . ,  1 9 8 2 ) have l i gh t e r  
b i r t h  we i gh t s  o f  c a l ve s  w i th n o  dec r e a s e  i n  dys t o c i a  r a t e  
( W i l tbank e t  a l . ,  1 9 6 2 ; Tudo r , 1 972 ; C o rah e t  a l . ,  1 97 5 ; 
B e l l ows and S h o r t , 1 978 ; S h a i n  e t  a l . ,  1 9 8 5) ,  dec re a s ed 
su rvi vab i l i t y rat e s  o f  c a l ve s  ( C o rah e t  a l . ,  1 97 5) , l i g h t e r  
wean i ng we i gh t s  o f  c a l ve s  ( C o rah e t  a l . ,  1 975 ) , s h o r t e r  
g e s t a t i on l e ng t h  ( Tudo r , 1 97 2 ) , and l o ng e r  po s tpa r t um 
i n t e r va l s  ( W i l tbank et a l . ,  1 9 6 2 ; B e l l ows and S ho r t , 1 978 ; 
B e l l ows � t al . ,  1 9 8 2 ) . 
Cows f e d  i nadequa t e  po s t pa r t um energy l e vels hav e  
gr e a t e r  c o nd i t i on s c o r e  l o s s  ( W i l tbank e t  a l . ,  1 9 6 4; 
W i l s on e t  a l . ,  1 9 6 9 ) , l ow e r m i l k  p r oduc t i o n ( W i l s on e t  a l . ,  
1 9 6 9 ) , l ong e r  po s tp a r t um i n t e r va l s  ( W i l tbank e t  a l . ,  1 9 6 4; 
Bart l e  e t  a l . ,  1 9 8 4 ; Ru t t e r  and Rand e l , 1 9 8 4) ,  and 
decr e a s ed p r e gnanc y ra t e s  ( W i l tbank e t  a l . ,  1 962) . 
B e a l  e t  a l . ( 1 9 � 8 ) r e p o r t ed t h a t  c ows fed l owe r 
ene r g y  d i e t s  a f t e r  Da l v i n g  h ad dec r e a s e d  ovar i an ac t i vi t y  
a s  t h e  c o rpus l u teum re s po n s e  t o  l u t e i n i zi ng h o rmo n e  w a s  
dec r e a s ed y i e l d i ng l owe r s e r um p r og e s t e r o n e  l eve l s . 
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Ru t t e r  and Ran d e l ( 1 9 8 4 ) obs e rved that 
gonado t r o p i n  re l eas i ng h o rm on e - i nduced l u t e i n i z i ng h o rm o n e  
r e s pon s e s  w e r e  n o t  d i f f e r e n t  f o r  c ows fed h i gh , med i um and 
l ow po s t par tum d i e ta r y  e n e r g y  l eve l s . C ows t h a t  maint a i ne d  
body c ondi t i on a f t e r  ca l vi n g  h ad h i g h er bas a l  l eve l s  o f  
l u t e i n i z i ng h o rmone and h i gh e r  and mo r e  s u s t a i ned 
g onado t r op i n  r e l e a s i ng h o r m o n e - i nduc e d  l u t e i n i z i ng h o rm o n e  
pe ak s . Cows fed mo r e  e n e r g y  and cows t h a t  ma i n ta i ned b o dy 
c o nd i t i on had s h o r t e r  p o s t p a r tum i nt e rva l s . 
Kerc h e r  and. Dunn ( 1 9 7 1 ) and Ka l t e nbach ( 1 9 7 3 ) 
s t a t ed that 3 mo pr i o r  t o  c a l vi ng and 4 mo f o l l ow i ng 
c a l v i n g  are t h e  two mo s t  c r i t i c a l  pe r i o ds i n  be e f  cow 
nu t r i t i o n . They a l s o  c o nc l uded t h a t  cows s h ou ld b e  g a i n i ng 
we i gh t  du r i ng bo t h  o f  t h e s e  pe r i ods t o  s h o r t en po s t pa r t um 
i n t e r va l s  and days t o  c on c e p t i on . 
W i l tbank e t  a l . ( 1 9 6 2 ) ob s e rved that prepa r t um 
d i e t a r y  energy l eve l s  i nc r e a s e d c a l f b i r th we i g h t s  · w i t h o u t  
i n f l u e nc i ng c a l v i ng d i f f i cu l t y . He a l s o  f o und tha t : l ) c o w s  
o n  l o w  en e rg y  i n take l eve l s  e i t h e r  p r e - o r  po s tpa r t um h ad 
l on g e r  i n t e rva l s  t o  f i r s t  e s t ru s  t h an c ows that rec i e ve d  
ade qua t e  d i e t ary e n e r g y  du r i ng bo t h  p e r i od s , 2 ) c ow s  o n  
hi gh p o s tpa r t um e n e r g y  i n t ak e  l eve l s  we r e  ab l e  to 
7 
compe n s a t e  fo r e ar l i e r  e n e r g y  r e s t r ict i on s  and exh i b i t e d  an 
8 1 % cycl i ng r a t e  by 6 0  d po s tp a r t um , 3 ) cows .on l ow e n e r g y  
i nt ak e  l ev e l s  fo l l ow i ng ca l v i n g h ad e n o ugh e n e r g y  r e s e r v e s  
from h i g h  nu t r i t i on p r epartum t h a t  t h e y  a l s o  had 80% 
cycl i ng r a t e s  by 6 0  d po s t pa r t um . C oncept i on r a t e s  we r e  
l owe r fo r cows o n  l ow p o s t p a r t um e n e r g y  d i e t s . Mo s t  o f  
th i s  d i ffe re nce wa s r ef l ected b y  t h e  fact that o n l y  4 o f  2 0  
cow s  became pregnant wh i ch we r e  on b o t h  l ow nut r i t i ona l 
t r ea t me n t s .  
W i l tbank e t  a l . ( 1 9 6 4 ) o b s e rved that cows o n  
r e s t r i ct ed e n e r g y  d i e t s  p r ep a r t um we r e  mo r e  a p t  t o  cyc l e 
wi th i n  7 0  d aft e r  ca l v i ng i f  fed adequa te e n e r g y  l ev e l s  
i mmed i a t e l y  aft e r  ca l v i ng t h an i f  cows we r e  con t i nued o n  
l ow e n e rgy d i e t s . S h o r t  po s tpa r t um i n t e rva l s we re n o t  
n e ce s s a r i l y i ndi ca t i v e  of h i gh r ep r o duct i ve pe rfo rmance a s  
b o t h  g r o up s  had l ow p r e gn ancy r a t e s  ( 7 2 %  and 7 9 % fo r l ow 
and h i gh l eve l cows , r e s pect i v e l y ) .  Th e numb e r  of da ys 
fr om ca l v i ng t o  concep t i o n wa s l owe r ( 6 7 vs 80 d) fo r t h e  
h i g h  e n e r g y  cows o f  t h o s e  cows t h a t  d i d  conce i ve du r i n g  
t h e  b r e e d i ng s e a s o n . 
Dunn e t  a l . ( 1 9 6 9 ) _found t h a t  cows o n  l o w  pr e ­
ca l v i ng e n e r g y  l eve l s  h ad l owe r p r e gnancy r a t e s  due t o  a 
de l ay i n  on s e t  of e s t r u s . Infl ue nce of p r e -ca l v i ng en e rg y  
l ev e l  o n  re pr oduct i ve t r a i t s d i m i n i s h e d  aft e r  1 0 0  d 
p o s tpar tum . P o s t-ca l v i ng e n e r g y  l eve l s  affect ed p r e g nancy 
r a t e s  at 2 0  and 4 0  d i n t o  t h e  b r e ed i ng s e a s on . Pre gnancy 
r at e s  8 0  d po s tpa r tum ( 20 d i n t o  the b r e ed i ng s e a s on ) w e r e  
54 , 4 2  and 3 3  pe r c e n t  f o r  h i gh ,  mode rate and . l ow e n e r g y  
c ow s , r e spec t i ve l y . P r e gn a n c y  ra t e s  1 0 0 d po s tpa rtum 
we r e  s i m i l a r  f o r  l ow and mode r a t e  c ows , wh i l e  rate s we r e  
i nc r e a s ed f o r  cows o n  h i g h  po s t -c a l v i ng e n e r g y  l ev e l s  ( 5 7 
and 5 7  v s . 7 6 % , re s e c t i ve l y ) . 
C o rah e t  a l . ( 1 9 7 5 ) r e po r t ed that l ow prepa r tum 
energy l e ve l s  dec r e a s e d  c a l f  b i r th we i gh t s , s u r v i va l  r a t e s  
and wean i ng we i gh t s  b u t  d i d  n o t aff ect c a l v i ng d i f f i c u l t y . 
Th e y  d i d  no t f i nd t h a t  pr e pa r t um e n e rg y  l e ve l s  a f f e c t ed 
po s tpa r tum i n t e r va l  and s u gg e s t ed t h a t  f i r s t  c a l f h e i f e r s  
we r e  i n  exc e l l ent c on d i t i o n a t  t h e  s ta r t  o f  t h e  expe r i m e n t  
( 9 0 d pr epa r t um ) and l ow e n e rgy d i e t  h e i f e r s  w e r e  s t i l l  
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i n  g o od c o nd i t i on a t  c a l v i n g ( 4  and 2 mm back f a t ) .  C ow 
m i l k  p r oduc t i on r e f l ec t e d  t h e  po s tc a l v i ng c o nd i t i o n o f  t h e  
c o w s  w i th h i g h e r  m i l k y i e l d s  f r om c ows w i th h i gh e r  bac k f a t . 
Hug h e s  e t  a l . ( 1 9 7 8 b )  s h owed t h a t  t h e  i n t e rva l 
f r om f i r s t  c a l v i ng t o  c o nc ept i o n wa s d i r ec t l y  r e l a t ed t o  
wi n t e r  s uppl emen tat i on l e v e l o f  c o t t o n s e ed mea l and m i l o  
f o r  c ow s-g r a z i n g n a t i v e  range ( 9 5 ,  8 6  and 7 4  d for cow s  f e d  
h i g h , mode rate a n d  l ow l ev els o f  w i n t e r  s uppl emen t a t i on , 
r e s pe c t i vely ) . S ec ond and th i rd year c a l v i n g pe r c e n t a g es 
we r e  r educ e d  f o r  c ows o n  low and mode rate w i n t e r  
s uppl e me n t a t i o n . F i r s t  c a l f b i r t h  we i g h t s , we an i ng we i gh t s  
and we i g h t  o f  ca l f  weaned pe r c ow expo s ed we r e  l i g h t e r  f o r  
c ows o n  l ow w i n t e r  s upp l e m e n ta t i o n . Ef f e c t s  o f  nut r i t i o n 
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on sub s equ e n t  c a l f b i r t h  dat e s , c a l v i ng per c e n ta g e s , b i r t h 
we i g h t s , wean i ng we i g h t s  and we i g h t  o f  ca l f  �e ane d  p e r  c a l f 
cr op pe r c ow e xposed d i m i n i s h e d  a s  c ows reac h ed 4 t o  5 y r  
of ag e . 
Hough t o n  ( 1 9 8 6 ) f o und t h at c ows on h i gh po s tpa r t um 
i nt ak e l ev e l s  we r e  ab l e  t o  c o mpe n s a t e  f o r  l ow e n e rgy i n t ak e  
prepa r tum and h ad a g r e a t e r  pe r c e n t ag e  cyc l i ng 6 0  d a f t e r  
c a l v i ng than c ows r e c e i v i ng l ow e n e r g y  d i e t s  i n  b o t h  
pe r i od s . P r e gnanc y ra t e s  we r e  h i gh e r_ ( 9 1 . 2  v s . 7 4 . 3  % )  f or 
c ow s  o n  h i gh e n e rg y  i n tak e l ev e l s  a f t e r  c a l v i ng . 
Wh i t t i e r  e t  a l . ( 1 9 8 7 ) r epo r t ed t h a t  d i f f e r e n t  l e v e l s  
o f  pr o t e i n  and e n e rgy f e d  a t  s e v e r a l  pe r i ods po s tpa r t u m  d i d  
n o t  a f f e c t  days t o  f i r s t  e s t r u s  o r  c o nc ept i o n , s e rv i c e s  pe r 
c onc ept i o n and c o nc ept i on r a t e s . I t  d i d  appear t h a t  c ows 
g a i n i ng we i gh t  from 4 5  to 9 0  d po s tpar tum h ad s h o r t e r  
po s tpar tum i n t e rva l s  and c o nc e i ved e ar l i e r than t h o s e  
l o s i n g  we i gh t  dur i ng t h a t  s am e  pe r i od .  Body ene r g y· 
r e s e r v e s  a t  c a l v i ng may h a v e  b e e n  h i gh enough to .o f f s e t  t h e  
e f f ec t s  o f  po s tpa rtum n u t r i t i on on r epr oduc t i ve 
pe r fo rm.anc e . 
P r o t e i n  Requir emen t s .  P ro t e i n  r e qu i r eme n t s  fo r b e e f 
c ow s  a r e  de t e r m i ned by a f ac t o r i a l  approach ( NRC , 1 984 ) and 
are m ade for c ow s  unde r t h e  as s umpt i on that body we i g h t  i s  
ma i n t a i ned t h o u g h o u t  t h e  ye a r. B a s a l  pr o t e i n  requ i r em e n t s  
are i n t ended to prov i de appr o x i ma t e l y  5 mg ammonia - N / d l  rumen 
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f l u i d  ( S a t t e r  and S l y t e r , 1 9 7 4 ) t o  meet rum i na l  m i c r obe 
n i t r o g e n  r e qu i reme n t s  and c ow pr o t e i n  r e qu i remen t s  fo r 
ma i nt enanc e . R e qu i r eme n t s  above ma i nt e nanc e  dur i n g. 
c r i t i c a l  pe r i od s  o f  t h e  c o w  p r o duc t i on c yc l e  wou l d  i nc l ude 
pr o t e i n  for f e t a l  g a i n  in the t h i rd t r i me s t e r  (5 5 g / d ) ;  
Pr i o r and Las t e r , 1 9 7 9 ) and p r o t e i n  fo r m i l k  p r oduc t i on . 
P r o t e i n  r e qu i r eme n t  fo r m i lk p r oduc t i on pe r day equ a l s  t h e  
amo un t o f  pro t e i n  i n  t h e  da i l y m i l k  ou tput ( Lamond e t  a l . ,  
1 9 6 9 ) . I f  we i gh t  g a i n  i s  n e c e s s ary as . i n  young c ows o r  
c ompe n sa t i ng ma t u r e  fema l e s  t h e n  p r o t e i n  f o r  g a i n  i s  added 
to the e quat i on . Whe t h e r  c ow we i g h t  g a i n s  are r e qu i r ed t o  
a i d  t h e  on s e t  of po s t pa r t u m  e s t r u s  i s  n o t  c o n s i de r ed i n  t h e  
c u r r e n t  NRC ( 1 9 8 4 ) c a l c u l a t i on .  
S UPPLEMENTATION OF MATURE FORAGES 
W i n t e r  s upp l emen t a t i o n f o r  b ee f  c ow s  i s  a feed 
m i x t u r e  de s i gned t o  m ee t  t h e  n u t r i t i on a l  de f i c i enc i e s  o r  
ba l an c e  the re s t  o f  t h e  d i e t  f ed and enhance t h e  
u t i l i z a t i on o f  the e n t i r e d i e t  ( G i l l , 1 9 7 9 ) . T o  e s tab l i s h 
s up p l emen t a l  n e eds o f  b e e f  cow s  g ra z i n g o r  be i ng f ed l o w 
qua l i t y r oughag e s  t o t a l  d i e t a r y  r e qu i r ement s mu s t  b e  
de t e rm i ned and an e s t i ma t e  o f  d r y  ma t t e r  i n t ake, nu t r i e n t  
c o n t en t  and d i g e s t i b i l i t y o f  t h e  fo rage mus t  b e  made 
( C l an t on and Z i mme rman , 1 970 ) . En e rg y  and pr o t e i n  are t h e  
fi r s t two nu t r i en t s  c o n s i de r e d  wh e n  de t e rm i n i ng d i e t a r y  
r e qu i reme n t s  o f  c a t t l e  (NRC , 1 9 84 ) . · 
Whe n s u f f i c i e n t l y  ava i l ab l e , w i n t e r  �an g e  f o r ag e 
pr ov i de s  the d i g est i b l e  e n e r g y  r e qu i r ed by pr egnant and 
l ac t a t i ng be e f  c ows ( NRC , 1 9 84 ) . D e f i c i enc i e s  o c c u r  whe n 
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c a t t l e  do n o t  have acc e s s t o  e n o ugh fo rage t o  k e ep 
r e l a t i v e l y  fu l l  a t  a l l  t i m e s , whe n qua l i ty dec r e a s e s  due t o  
unev e n  f o rage u t i l i z a t i o n and when nu t r i en t s  o t h e r  t h e n  
c arbohydra t e s  are l i m i t i n g ( C l an t on , 1 9 77 ) . Low qua l i t y 
f o rag e s  may n o t  me e t  the e n e r g y  r e .qu i �eme n t s  f o r  young 
g r ow i ng cows n o t  hav i ng r ea ched ma t u r e  s i z e ( Hughe s et a l . ,  
1 978 a; Be l l ows e t  a l . ,  1 9 8 2 ) . 
Pr o t e i n  i s  the mo s t  l i m i t i ng nut r i e nt i n  l ow 
qua l i t y f o r ag e s  f o r  b ee f  c ows ( C l anton , 1 9 77 ; Ka r t c h n e r and 
Campb e l l , 1 9 7 9 ) . A s  ran g e  f o r a g e  ma tur e s  c r ude pr o t e i n  as 
a pe r c e n t  of dry ma t t e r  d e c r e a s e s  ( Ga l t  e t  a l . ,  1 9 6 9) .  
Ma t u r e  f o r ag e s  mo s t  o f t e n  do no t prov ide th e r e qu i r e d  
pr o t e i n  f o r  adequa t e  r u m e n  f un c t i o n a n d  an i ma l  n e eds . 
En e rgy S upp l e me n t a t i o n. H i gh i n take s upp l e me n t a t i on 
o f  l ow qual i t y f o r a g e s  w i th s i mpl e carbohyd r a t e s  h a s  b e e n  
s h own to dec r e a s e  f o rage c e l l u l o s e  d i g e s t i on ( El - S h azl y e t  
a l . ,  1 9 6 1 ; R i t t enhou s e  e t  a l . ,  1 9 7 0 ) , de c r e a s e f o r a g e  d r y  
mat t e r  i ntake ( R i t t e nho u s e  e t  a l . ,  1 9 7 0 ; Be l l ow s  and 
Thoma s , 1 9 7 6 ) , redu c e  g r a z i ng t i me and s e rve as a 
s ub s t i tu t e  f o r  f o rag e rathe r tha n  a suppl ement ( B e l l ows and 
Thoma s , 1 9 7 6 ) . 
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T o  ave r t  l ar g e  we i gh t  l o s s es dur i ng pe r i od s  o f  l ow 
f o r a g e  ava i l ab i l i ty e n e r g y  s uppl eme n ta t i o n may be 
adv i s ab l e .  C l an tori ( 1 9 7 7 ) s u g g e s t e d  that dur i ng ex t r emel y 
c o l d  weath e r  wh e r e  h e a t  o f  f e rme n ta t i on/kg dry mat t e r  
c o n s umed i s  h i gh e r  f o r  g ra i n s  t h an f o r ag e s  and f o r  v e r y  
th i n  c ows pr i o r to t h e  b r e ed i n g s e a s on energy 
s uppl eme n ta t i on may pr o v e  b e n e f i c i a l . 
P r o t e i n  S uppl eme n t a t i on . P r o t e i n  s upp l emen t a t i on 
o f  l ow qua l i ty f o r ag e s  h a s  b e e n  s hown t o  i n c r e a s e  f o r a g e  
c e l l u l o s e  d i g e s t i b i l i t y  ( S a l s bury e t  a l . ,  196 0;  C o o k  and 
Har r i s ,  196 8 ) ,  i nc re a s e f o r a g e  d r y  mat ter i n tak e ( C o o k  and 
Ha r r i s , 1 9 6 8; G i l l , 1 9 7 9 ) , i nc r ea s e  rum i na l  ammo n i a  and 
t o t a l  VFA c o ncen t r a t i o n s  ( Pr i t c hard and M a l e s , 1 9 8 2 ) and 
i nc r e a s e  m i c r ob i a l  s yn t h e s i s  r a t e s  ( S l yt e r  et a l . ,  1 9 7 9 ) .  
Rou t i ne pro t e i n  s uppl emen t a t i on o f  c ows o n  ma t ure 
qua l i t y r o ughag e s  i s  adv i s ab l e  as i t  c o r r e c t s  pr o t e i n  
de f i c i enc i e s  f o r  an i m a l  n e e d s  and i t  i nc r ea s e s  d i e t a r y  
e n e r g y  ut i l i z a t i o n . S i nc e n o n - pro t e i n n i t r o g e n  
s upp l emen t s  are n o t  we l l  u t i l i z ed w i th l ow qua l i t y· 
forage d i e t s , i t  i s  s ugges t ed t hat an a l l na t u r a l  
pro t e i n  s ou r c e  be fed ( C l an t o n  1 9 77). Feed i ng k i l o g r am f o r  
k i l o g ram, s upp leme n t s  o f  h i gh e r  pe r c e n t age c rude pro t e i n 
c ompe t e  l e s s  w i th t h e  d r y  mat ter i n t ake o f  a l ow qua l i ty 
fo rage than s uppl emen t s  o f  l ow e r  pe rcentage c r ude pro t e i n  
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( Gi l l , 1 9 7 9 ) . 
E f f ec t o f  P r o t e i n  S upple m e n t a t i on on C o w  
Pe r f o rmanc e . P r o t e i n  s uppl e m e n t a t i on o f  c ow s  on l o w  
qua l i t y f o r ag e s  pr i o r t o  c a l v i ng h a s  b e e n  s h own t o  i nc r e a s e 
prepa r t um we i gh t  g a i n s  ( J o rdan e t  a l . ,  1 9 6 8 ; Ba r t l e  e t  a l . ,  
1 9 8 4 ; C o c h r an and Adams , 1 9 8 4 ; Wagn e r e t  a l . ,  1 9 84 ;  Bo l z e  
e t  a l . ,  1 9 8 5; Rus h  e t  a l . ,  1 9 8 5 ) , prepa r tum c o nd i t i on 
s c o r e  change ( C och r an and Adams , 1 9 8 4  ;_ Wagne r  e t  a l . , 1 9 84 ; 
Bo l z e e t  a l . ,  1 9 8 5 ) ,  t o t a l  w i n t e r  we i gh t  g a i n s  ( C l an t o n  and 
Z i mme rman , 1 9 7 0; Ru s h  et a l . ,  1 9 8 5 ) , t o t a l  w i n t e r  c on d i t i on 
s c o r e  change , c a l f b i r t h  we i gh t s , ca l f  we an i ng we i ght s 
( C l an t on and Z i mme rman, 1 9 7 0 ) , m i l k  pr odu c t i on ( Ba r t l e  et 
a l . ,  1 9 8 4 ) , perc e n t  c yc l i ng the f i r s t  2 1  days of the 
b r e e d i ng s e a s on and dec r e a s e  po s t pa r tum i n t e rv a l  ( Bo l z e e t  
a l  . , 1 9  8 5 ) . P r o t e i n  c on s umpt i on pr i o r  to c a l v i ng i s  
ne g a t i v e l y  c o rr e l a ted w i th weak c a l f s yndr ome ( s e v ere 
depre s s i on ,  g e n e r a l  weakne s s  and t h e  i nab i l i t y t o  s t and and 
nu r s e ) ,  the ab i l i t y to abs o rb i mmun og l obu l i n s from 
c o l o s t r a l  m i l k , and l a t e r  pr oduc t i o n of an t i bod i e s  ( B u l l , 
1 9 8 3 ) . I t  s h o u l d  be n o t e d  t h a t  a majo r i t y o f  the 
l i t e rature c i t a t i o n s  s aw no d i f f e r e nc e s  in c o w  r epr oduc t i v e 
pe r f omanc e for pr o t e i n  s uppl eme n t a t i on o f  l o w  qua l i t y 
f o rag e s  pr i o r  t o  c a l v i ng . I f  f i be r d i g e s t i b i l i t y o f  t h e  
nons upp l eme n t ed fo rag e was n o t  l ow enough· t o  c au s e  a n  
e n e r g y  de f i c i e n c y  o r  b o d y  e n e r g y  r e s e rv e s  w e r e  h i gh e n o u g h  
,, 
.. ' j  l. 
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a t  c alv i ng t h e n  d i f f e renc e s  may n o t  ·have been e xpec t ed . 
Ba r t l e  e t  al . ( 19 8 4 ) f o und tha t  c o ws r e c e i v i ng 1 5 0 %  
o f  t h e  NRC , ( 1 9 7 6 ) c rude pro t e i n  ·r e c ommenda t i o n s  pr i o r t o  
c a l v i ng h ad l owe r precalv i ng we i gh t  l o s s e s  and h i g h e r  m i l k 
pr oduc t i o n than c ow s  f e d  8 5 % o f  t h e i r  r e q u i r emen t s . H e  
c o nc l uded that i n c r e a s e d  m i l k  p r o duc t i on was mo r e  l i k e l y  a 
r e f l ec t i o n o f  c ow b ody c ond i t i on as e s t i mated body fat f o r  
h i gh and l ow pro te i n  f e d  c ow s  w e r e  25 . 2  and 1 5 . 2  % ,  
r e s pe c t i ve l y . 
C o c h ran and Adams ( 1 9 8 4 )  ob s e rved that du r i ng m o r e  
s e ve r e  w i n t e r s  c ows g r a z i ng n a t i v e  range we r e  m o r e  ab l e  t o  
ma i n ta i n  body we i g h t  and c o nd i t i o n when 5 0 % o f  the i r  
pr o t e i n  n e eds we re me t w i t h  a s uppl eme n t ed a l fa l fa pro t e i n  
cube ( f ed t o  s uppl y 5 0% o f  t h e  c ows c rude pro t e i n  
r e qu i r eme n t s .  o r  appr ox i ma t e l y  1 .  1 k g  x hd- 1 x d- 1 ) pr e­
ca l v i ng . A mo r e  t r adi t i on a l  c o t t o n s e ed / bar l e y pr ote i n  
s uppl eme n t  f ed t o  s uppl y t h e  s ame l ev e l s  o f  pr o t e i n  �nd 
ene r g y  as the a l fa l f a  ( appr o x i ma t e l y  . 9 kg x hd-1 x d-1 o f  
a 3 0 % c o t t o n s e ed me a l - 7 0 % ba r l e y ) was i n t e rmed i a t e  i n  
re s po n s e  f o r  w i n t e r  we i gh t  and body c ond i t i on chan g e  
c ompa red t o  t h e  a l f a l fa c ub e  s uppl eme n t a t i o n and no 
s upl ementat i on . R e ad i l y  ava i l ab l e  c a rbohydrat e s  f r om the 
bar l e y  may have dec r ea s ed f o r a g e  d i g e s t i b i l i ty and i n t ake 
when c ompa r ed to c ow s  f ed a l fa l fa s uppl eme n t s . The e x t e n t  
t o  wh i ch pro t e i n  s uppl emen t a t i on wa s ben e f i c i a l  i n  th i s  
s t udy wa s i nc r ea s ed b y  more s e v e r e  weath e r  wh i ch pr obab l y  
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r e s u l t ed i n  poo r e r  r an g e  c ondi t i ons� 
Bo l z e  e t  al . ( 1 9 8 5 ) o b s e rved that prepa r tum we i g h t  
g a i n s  and c ond i t i on s c o r e  chang e s  we r e  d i r e c t l y  r e l a t e d t o  
l e v e l  o f  pro t e i n  s uppl e m e n t at i on pr i or t o  c al v i ng o f  c ows 
and he i f e r s  on i s ocal o r i c  d i e t s . The y f o und that c ow s  f ed 
e l eva ted l ev e l s  o f  pr o t e i n  s uppl eme n t  had a hi ghe r 
pe r c e n tage c yc l i ng the f i r s t  2 1  days o f  t h e  b r e ed i ng s e a s o n  
and s h o r t e r  po s tpa r t um i n t e rv al s . No d i f f e r enc e s  we r e  
obs e rved f o r  f i r s t  s e rv i c e  o r  o v e ral l _c onc ept i on ra t e s . 
L e v e l s  o f  pr o t e i n  ab ove NRC ( 1 9 8 4 ) r e qu i r ement s r e s u l t ed i n  
onl y s l i gh t  advantag e s  i n  r epr oduc t i ve pe r fo rmanc e . 
Hanc ock e t  a l . ( 1 9 8 5 b ) f o und tha t pr o t e i n  
s uppl eme n ta t i on a f t e r  c a l v i ng o f  cows g r a z i ng do rma n t  rang e  
f o r a g e  dec re aied po s tpar t u m  we i ght and c ond i t i on s c o r e  
l o s s e s , s ho r t ened po s tpa r t um i nt e rv a l , and i nc r e as ed 
c onc ept i on r a t e s . C ows s uppl eme n t ed wi th 2 . 3 k g  c o t t o n s e ed 
m e a l /hd*d-1 a f t e r  c a l v i ng h ad s ma l l e r  we i gh t  l o s s e s  ·and 
we r e  mo r e  ab l e  to mai n t a i n body c o nd i t i on pr i o r to mat i n g 
than cows wh i ch re c e i ve d  n o  pr o t e i n s uppl ement . A h i gh e r  
pe r c e n tage o f  t h e  s uppl ement e d  c ows re turned t o  e s t r u s  a nd 
became pr egnant , and t h e i r  mean po s tpar tum i nte rva l was 1 5  
d s h o r t e r . C a l ve s  nur s i n g p r o t e in s upplGment ed c ows we r e  
h e av i e r .at  2 1 0 and 28 5 d o f  age . 
F l eck e t  a l . ( 1 9 8 5 ) r epo r t ed tha t po s t par tum we i gh t  
g a i n s  and c ondi tion s c o r e  i n c r e as e s  we re h i gh e r  f o r  c o ws 
gra= i ng nat i v e  range wh e n  f ed . 5  kg s o ybean mea l /day for 
2.5 mo a f t e r  c a l v i ng t h an n o n - s uppl eme n t ed c ows . M i l k  
produc t i on and pregnancy r a t e s  we r e  n o t  d i f fe r e n t  f o r  t h e  
t w o  g r o ups . 
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T h e  mo s t  drama t i c  e f f e c t  o f  pro t e i n  s uppl emen t a t i on 
o f  c ow s  on l ow qua l i t y f o r ag e s  i s  an i nc r e a s e  i n  f o rag e 
d i g e s t i b i l i t y ( S a l s bu ry , 1 9 6 0 ) . When r a t e  o f  d i g e s t i o n i s  
i nc r e a s ed f e ed ra t e  o f  pa s sa g e  t h r ough t h e  rumen i s  
i nc r e a s ed and a·s t i mu l u s  f o r  g r e a t e r  f o r a g e  c on s umpt i o n i s  
t r i gg e r e d  ( C ook and Har r i s , 1 9 6 8 ) . . As. a r e s u l t e n e r g y  
i n tak e i s  i nc r e a s ed a n d  t h e  b e n e f i t s o f  h i gh e r  e n er g y  
c o n s ump t i on o n  cow pe r f o rmanc e a r e  obs e rv e d . 
LIVE ANIMAL MEASUREMENTS OF COW BODY CONDITION 
Typ i ca l l y , c h e m i ca l  ana l y s i s  o f  the s tand i n g  
f o rag e , s pe c i e s  i d e n t i f i ca t i o n a n d  chem i c a l  compo s i t i o n o f  
the d i e t  v i a  e s oph a g e a l  and rumen f i s t u l a t ed an i ma l s  and i n  
v i t r o  d i g e s t i b i l i t y t r i a l s  u s e d i n  c onjunc t i on w i t h we i g h t  
chan g e s  o f  t h e  an i ma l  h a v e  b e e n  u s ed t o  de t e rm i n e 
r e c omme nda t i o n s  fo r b e e f  c o w  n u t r i t i o n a l  manag eme n t  und e r  
range c ond i t i on s . B e c au s e  o f  t h e  d i ff i cu l t y and e xp e n s e  
of de t e rm i ning di e t  c ompo s i t i on and i n t ake of g r a z i n g c ow s ,  
body c o nd i t i on has b e e n  u s ed t o  i n t e rpr e t  nu tr i t i o n a l  
d i r e c t i on o f  t h e  an i ma l . Obje c t i v e and s ubje c t i v e l i v e  
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an i ma l  me a s u remen t s  and s c o r e s  wh i ch ·ade qua t e l y repr e s en t  
body c o nd i t i o n pr o v i de a n  e a s i e r , l e s s  expen s i ve i nd i c a t o� 
of nu t r i t i ona l s t a t u s  and c o u l d  be fu r t h e r  u s ed t o  pr ed i c t  
c ow pe rfo rmanc e  and r epro duc t i ve capab i l i t i e s . 
Ac curate mon i t o r i ng of c ow body c o nd i t i on wou l d  
pr o v i d e  e c onom i c  benefi t s  fo r t h e  c o w- c a l f  pr oduc e r  b y : 1) 
avo i d i ng ov e r  or unde r fe ed i ng of c ows r e qu i r i ng 
s uppl ementa t i on , 2 )  i de n t i fy i ng i nd i v i dua l c ows 
r e qu i r i ng s uppl emen t a l  adj u s tm e n t s  du ring spe c ifi c s ta g e s  
of pr oduc t i on , and 3 )  fe e d i ng t owards targ e t  c ondi t i on 
s c o r e s  a t  c a l v i ng and b r e e ding for a g i ven l e ve l of 
pr oduc t i on .  
S e v e ra l  rev i ew e r s  h a v e  r e i t e r a t ed a defi n i t i o n by 
Mu r ray (19 19) of body c ond i t i o n wh i ch i s  "the rat i o  of t h e  
amo un t of fa t to the amou n t of n o n -fa t t y  ma t t e r  i n  t h e  
body" . Evans ( 1978) de s c r i b e d  b ody c ond i t i o n a s  "a 
s ub j ec t i ve c onc ept i n t ended t o  s umma r i z e t h e  de g r e e  of fa t 
c ov e r  of an an i ma l  i n  r e l a t i on t o  i t s s i z e" , e l i m i na t i n g 
the e s t i ma t i on of i n t e rn a l  body l i p i d  s t o r e s . A mo r e  
mode rn de s c r i p t i on of c ow b o dy c on d i t i o n m i gh t  i nc l ude t h e  
e x t e n t  of mu s c l e  at r oph y i n  t h i n  c ows i n  add i t i o n t o  t h e  
de g r e e  of body fa t of a l l c ow s . C ondi t i on s c o r e s y s t e m s  
de s c r i bed b y  Wag n e r  ( 1985) and H o ug h t on ( 1986) r efe r t o  
mu s c l e  a t rophy i n  th i n  c ow s . B o t h  have s h own t h a t  t h e  
quan t i t y o f  l e an t i s s u e  i n  c ow c a r c a s s e s  i s  po s i t i ve l y 
c o r r e l a t e d w i th co nd i t i o n s c o r e . 
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Hear t  G i rth . H e ar t  g i r th i s  the c i rc um f e r e n c e o f  a 
c ro s s s e c t i on o f  the c o w  i mm e d i a t e l y  po s t er i or t o  the 
s ho u l der and can be u s ed to i nd i c a t e  c o w  b ody c on d i t i o n . 
Dunn e t  a l . ( 19 8 3 ) foun d  t h a t  h e ar t  g i r t h  wa s modera t e l y  
c or r ela t e d  w i th per c en t  c ar c a s s fat ( r  = . 5 6 ) . N e l s o n e t  
a l . ( 1 9 8 5 ) s h owed that h e a r t  g ir t h  wa s p o s i t i v e l y  
c orr e l a t ed w i t h cow body c o nd i t i on s c or e s  ( r = . 40 t o  . 6 1 ) . 
I n  a tr i a l  by Gr e sham e t  a l . ( 19 8 6 ) . , po s i t i v e  c or r e l a t i on s  
wer e f o und be twe en h e ar t  g i r t h  and c on d i t i on s c or e  and 
u l t r a s on i c  backfat ( r  = . 3 5 and . 4 5 ,  re s p ec t i ve l y ) . W i l s o n  
e t  a l . ( 19 6 9 ) s t ated t h a t  t h e  l i n e ar d i m e n s i on o f  d ep th a t  
t h e  h ear t g i r t h  wa s n o t  r e l a t ed t o  c ow b o d y  c on d i t i o n  
s c or e s . A more va l uab l e  m e a s urement of body c o n d i t i on ma y 
i nc l ude l en g th of body m u l t i p l i ed b y  h e ar t  g i r t h  t o  ac c o u n t  
f o r  t h e  t o t a l  a r e a  o f  t h e  c h e s t  and abdome n . 
Bac k fat . Prev i o u s  r e s e ar c h  h a s  s ho wn t h a t bac k f a t  
a s  de term i n ed o n  t h e  l i v e  a n i mal e i t h er by u l t ra s o und o r  
ba�k fa t pr obe i s  a u s e fu l  p r ed i c t o r  o f  c o w  body c o nd i t i o n . 
D unn e t  a l . ( 1 9 8 3 ) s h ow e d  t h a t  carc a s s  bac k f a t  me a�ured 
over t h e  l ong i s s i mu s  do r s i mu s c l e  was h i g h l y  c or r e l a ted 
w i t h c ow body cond i t i on s c o r e  ( r  = . 8 6 ) . Bac k f a t  m e a s u r ed 
by u l t r a s ou nd was a l s o  f o und t o  be r e l a t e d t o  w e i gh t  to 
h e i g h t  rat i o s ( r  = . 5 1 )  by K l o s t e rman et a l . ( 1 9 6 8 ) . 
Gr e s h am e t  al . ( 1 9 8 6 ) d e t e rm i ned t h a t  u l t ra s on i c  back f a t  
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mea s u r em e n t  was h i gh l y  cor r e l a t ed to cond i t ion s core and 
empty body fat (r � . 7 5 and .79 , r e s pect i ve l y) .  Herd 
( 1 9 8 6 ) obs erved that back f a t  w a s  r e l ated to body cond i t i on 
scor e w i th cond i t i on scor e 5 e qu a l  to 4 . 8  mm of f a t  cove r 
ove r  t h e  1 3 th r i b . I t  s hou l d  b e  not ed that th i n  cows 
( cond i t i on scor e < 4) have v e r y  l i tt l e  or no back f a t  
( Wagne r pe r s on a l  commun i ca t i on) and t h ere for e i t s  pot en t i a l  
a s  an i ndi c ator·of cow body cond i t i on i s  l i m i t e d . 
We igh t  t o  H e i gh t  Ra t i o . We i ght to h e i gh t  ( h e i gh t  a t  
t h e  hook s or w i the r s) rat i o  has be e n  s hown t o  b e  cor r e l a t e d  
w i th b ack fat ( Wh i tman , 1 9 7 5 ) , cond i t i on scores (Klost erman 
et a l . ,  1 9 6 8 ; Dunn e t  a l. , 1 9 8 3; N e l son et a l . ,  1 9 8 5 ; H e rd , 
1 9 8 6 ) , l i ve we i gh t  (Wag n e r , 1 9 8 5 ) and carca s s  p rot e i n  and 
f a t  p e rcen tage ( Wagne r , 1 9 8 5 ; Houg h ton , 1 9 8 6 ) . 
Hughes e t  a l . ( 1 9 7 8 a ) s howe d  that i n  H e r e f o rd cows , 
h e i gh t  p l at e au was r e ache d  a t  3 . 5  yr of age and d i d  not 
vary to a grea t  e x t e n t  w i th p r oduct i ve mature cows . 
W i l l i am s  e t  a l . ( 1 9 7 9 ) r e por t ed that h i p  he i gh t  and weig h t  
t o  he i gh t  ra t i o  were s h ow n  t o  be r e l i ab l e  measu r eme n ts w i th 
repeatab i l i t i es o f  . 9 5 and .8 5 ,  r e sp ec t i v e l y . Wh i tman 
( 1 9 7 5 ) a l so demon s t rated that cow h i p  h e i g h t  was a 
r e peatab l e  measu r eme n t  (R = .8 6 , . 9 1 and . 8 1 )  and wh e n  used 
i n  a we i gh t  to h e i g h t  rat i o  was pos i t i v e l y  corr e l a t e d  ( r  = 
. 5 0 and . 7 1 ) t o  measu r ab l e  back f a t . Wh i tman sh owed t h a t  
weig h t  t o  heigh t ra t i o  1 2 0  t o  3 0  d pre partum was hig h e r  f o r  
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cows w i t h  ma l e  f e tu s e s  and for cows n e a r e r  to pa r tur i t i on 
( 3 . 5 6 and 3 . 7 3  kg/em for 120 and 30 d pr epar tum , 
r e s pe c t i ve l y ) .  Wag n e r  ( 19 8 5 ) found t h a t  we i gh t  to h e i g h t 
ra t i o was an accura t e  i nd i c a tor of tot a l  carc a s s  e n e r g y, 
fa t , prot e i n  and wa t e r  (r = . 9 1 ,  . 9 0 ,  . 8 4 ,  and . 8 8)  and 
h i gh l y  cor re l a t ed w i t h l i ve w e i gh t  when a s s e s s ed w i th i n  a 
h e rd of cows of s i m i l a r  b r e e d  a nd type. Hough ton (19 8 6 ) 
ob s e rved tha t we i g h t  to h e i gh t  r a t i o  wa s cor r e l a t ed w i t h  
carca s s  f a t  and prot e i n  and empty body . f a t  ( r  = . 6 6 ,  . 5 1 
and . 7 0 r e spec t i v e l y ) . N e l s on e t  a l . ( 19 8 5 ) showed t h a t  
we i gh t  t o  h e i gh t  rat i o  was r e l a t ed to body condi t i on s c o r e  
( r  = . 4 2 t o  . 6 7 )  amoung fou r cow h e rd s . Dunn e t  a l . ( 1 9 8 3 ) 
s t a t e d t h a t  we i g h t  to h e i gh t  r a t i o  wa s r e l a t ed t o  cow body 
cond i t i on s core ( r  = . 7 2 )  bu t was not a s  e f f ec t i ve an 
i nd i c a tor of c a rc a s s  energy a s  cond i t i on s cor e or f a t  depth 
ove r  the r i b. K l o s t e rman et a l . ( 1 9 6 8) f o und that w e i g h t  
to h e i g h t  rat io wa s h i gh l y  cor r e l a ted t o  body cond i t i on 
s cor e (r = . 8 9 ) . 
S hor t com i ng s  of w e i g h t  to he i gh t  rat i o  a r e : 1 )  t h e  
i nab i l i t y t o  d i f f e r e n t i a t e  b e t w e e n  conceptus we i gh t  
i nc r e a s e s  and bod y cond i t ion. c han g e s  o f  cows i n  late 
g e s t a t i on , 2 )  i t  doe s not accoun t  f o r  b r e ed and t yp e  
d i f f e r enc e s  w i th i n  h e rd s , 3 )  an i ma l s  mu s t  be r e s t r a i ne d  t o  
me a s u r e  h e i g h t , and 4 )  i t  i s  r e l i ab l e  on l y  with i n  cows on 
s i m i l a r  d i e t s  sinc e d i f f e r e n c e s  i n  g u t  f i l l  are no t e a s i l y 
recog n i z ed .  
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We igh t  Change s . We i gh t  chang e s  have been r e l a t ed 
to cow body cond i t i on s cor e s . Coc h r an and Adams ( 19 8 4 ) 
r e por t ed data tha t s howed pr e pa r t um we i ght c hang e s  o f  45 k g  
we r e  e qu i v a l e n t  t o  a cond i t i on s core change o f  one ( 1- 10 
poi n t  s c a l e ) .  D a t a  from W i l t b ank e t  a l . ( 19 6 4 ) s hows t h a t  
a prepartum we i gh t  chang e of - 7 4  kg wh i c h  was cor r ec t ed for 
f i l l  and pregnanc y r e f l ec t e d  a cond i t i on s core c h ang e f rom 
6 . 8  to 3 . 7  ( 24 kg we i g h t  c h ang e p e r  cond i t i on s core ) .  
Wag n e r  ( 19 8 5 ) s t a ted t h a t  a we i g h t  c hang e_ o f  38 k g  oc c u r e d  
for e ach change i n  cond i t i on scor e . 
F i l l  (B rown e t  a l . ,  1 9 8 0 ) and pre gn ancy ( F e r r e l l  e t  
a l . ,  19 7 6 ) are two e x t reme l y  i mpor t an t  fac tors a f f ec t i ng 
we i gh t  changes and both mu s t  b e  tak en i n to cons i de ra t i on 
wh en t r y i ng to i n t e rp r e t n u t r i t i ona l s ta tus of produ c t i ve 
b e e f cows (NRC , 19 8 4 ) .  
Cond i t ion S c ore . Cow body cond i t i on scor es a r e  
s ub j e c t i v e  measu r eme n t s  a n d  t h e r e  are n o  acc e p t e d  standard 
m e t hods of assi gn i ng such scores e i t h e r  st r i c t l y  v i sua l or 
a comb i na t i on of v i s u a l  e va l ua t i on and manual pa l p�t i on 
(Lowman e t  a l . ,  1 9 7 6 ) . Cond i t i on s cores are hi g h l y  
cor r e l at e d  w i th cow body compos i t i on and ac curate 
i nd i c a tors of nu t r i t i ona l s t a t us . 
Many r esearch e r s  i nvol v ed i n  bee f cow nu t rit i on 
stud i es u t i l i z e a 1 th rou g h  9 cow body cond i t i on scor i ng 
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s y s t e m  w i th a s core of 1 . ,  5 and 9 i nd i c a t ive of an 
e x t reme l y  th i n , average and e xc e s s i ve l y  fat cows ( He rd and 
S prot t , 1 9 8 6 ) . Kil k enny ( 1 9 7 8 ) and van N i e k e rk ( 1 98 2 a) 
u s ed a s c a l e  of 1 t h roug h  5 w i th ha l f  poi n t  
i nc r emen t s  (1  = th i n ) . O t he r s ys t ems i nc l ude 1-5 
( Lowman e t  a l . ,  1 9 7 6 ; Hou g hton , 1 9 8 6 ) , 1 - 1 0 ( Be l low s  e t  
a l . ,  1 9 8 2 ) and 1 - 1 7  ( Wi l son e t  a l . ,  1 9 6 9 ) ;  a l l wi th a 
cond i t i on s core of 1 r e pr e s en t i ng an e x t r eme l y  th i n  cow. 
The above s y s t e m s  u s e  a comb i n�t ion of vi s ua l  
e s t i ma te s  and manua l pa l pa t i on t o  d e t e r m i ne the de g r ee o f  
f l e s h i ne s s  o f  the an i ma l . Ki l k enny ( 1 9 7 8 ) s t ated t h a t  
h and l i n g  of cows t o  de t e rm i n e  cond i t i on s cor e i s  e s s en t i a l 
and t ha t  v i sua l i n s pe c t i on cou l d  not be r e l i ed upon . 
Ne l son e t  a l . ( 1 9 8 5 ) ob s e rv e d  no di f f e r e nc e s  be twe en cow 
body cond i tion s cor e s  ob t a i n ed by r i b pa l pa t i on or visua l  
eva l ua t ion . 
Both w i t h i n  and b e t w e e n  e v a l uators , condit i on 
s cor e s  a r e  hi g h l y  r e p e a t ab l e w i th i n t r ac l a s s  cor r e l a t i on s  
of . 8 0 to . 9 0 ( Crox ton and S tal l ard , 1 976 ) . Cow body 
cond i t i on s cores we re mos t  r e l i ab l e  wh e n  ob ta i ned f rom 
w i t h i n  a cow h e rd by th e s ame t r a i n e d  i nd i v i dual ( H�rd and 
S p rot t , 1 9 8 6 ) and s t anda rd e r rors of cond i t ion scor e 
e s t i m a t e s  we re reduc ed con s i de r ab l y  wh en the mean scor e of 
two or mor e  l e arned i nd i v i du a l  asse s sor s we r e  u s ed ( Ev a n s , 
1 9 7 8 ) . 
Gr aham e t  a l . ( 1 9 8 4 ) found that cond i t ion scor es 
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we r e  m o r e  re peatab l e  by tr a i n ed a s s s�s s o r s  ( R  = . 8 7 t o  . 9 2 )  
t h an n o v i c e  i nd i v i dua l s  (R = . 5 4 to . 74 ) . Condi t i o n  s c o r e s  
a s s e s s ed b y  expe r i enced s c o r e r s  w e r e  corr e l a ted t o  
s ubcut an e o u s  car c a s s f a t · mea s u r e d  be twe en the 1 2t h  a n d  1 3 t h  
r i b  ( r  = . 7 8 t o  . 8 5 ) . 
W i l l i am s  e t  a l . ( 1 979 ) r e ported that c on d i t i on 
s c o r e s  we r e  a r e l i ab l e  e s t i ma t e  o f  c ow body cond i t i o n w i t h  
r e pe a t ab i l i t i e s  s i m i l ar t o  we i g h t  t o  h e i gh t  rat i o s (R = . 8 0 
and . 8 5 f o r  c ond i t i on s c o r e  and we i gh t-t o h e i gh t  ra t i o , 
re s p e c t i v e l y ) . C on d i t i o n s c ore wa s f ound t o  be mode ra t e l y  
c orr e l a t e d  w i t h we i gh t  t o  hei g h t  r at i o  ( r  = . 6 0 ) . 
C o nd i t i o n s c ore wa s s hown t o  be c o r re l a t ed t o  
u l t r a s o n i c  fat mea s u r em e n t ,  c a r c a s s energ y , and emp t y  body 
fat ( r  = . 7 5,  . 6 9 and . 7 1 ,  re s p ec t i v e l y) by Gre s h am et al. 
( 1 9 8 6 ) . The y  f ound no d i f f e r e n c e  i n  accuracy o f  pred i c t i o n 
e qua t i on s  for c ow body c o mpo s i t i on by e i ther c o ndit i on 
s c ore s or u l tras on i c  f a t  m e a s u r em e n t s .  
Graham and C l a r k  ( 1 9 8 3 ) d e t erm i n ed that c o nd i t i o n 
s c ore s were h i gh l y  c orr e l a t e d t o  c a rc a s s f a t  depth_o ver t h e  
-
1 2 th r i b  ( r  = . 8 5 t o  . 87) and mode r a t e l y  c orre l at e d  w i t h 
l i v e  we i gh t , car c a s s we i g h t  -and dre s s i ng pe r c en t . 
C orre l a t i o n c o e f f i c i e n t s  ran g e d  from . 4 2 to . 6 1 , . 6 7 t o  . 7 5 
and . 5 3 to . 6 0 ,  r e s p ec t i ve l y . 
Ho ugh t on ( 1 9 8 6 ) f o und t h a t  c o w  body c o nd i t i on s c ore 
p l u s  we i g h t  were s h own to have th e h i gh e s t  c orre l a t i on w i t h 
p e r c e n t  carcas s l i p i d  and perc e n t  t o ta l empt y body lip i d  
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( . 7 0  and . 7 4 ,  r e spe c t i v ely ) o v e r w�i ght to he i ght r a t i o , 
we i ght and we i ght . 75 .  C o w s  o f  av e rag e  body . c o nd i t i o n 
s c o r e s  o f  3 had 17 . 6 % c a r c a s s  l i p i d  and 1 4 . 9 % t o tal e mp t y  
body l i p i d . Cow body c o nd i t i o n s c o r e  pl u s  we i g h t  ma y b e  an 
i nd i ca t o r  o f  mus c l e  at r o ph y  in t h i n  c ows as c o nd i t i on s cor e 
was h i gh l y  c o r r e l a t ed w i th l o i n  e y e  area ( r  = . 8 1 ) . 
Wag n e r  ( 1 9 8 5 ) showed h i gh c o r r � l a t i on s  be tw e e n  
c o nd i t i on 'sc o r e  and l i v e  w e i g h t , pe r c e n t  c a rc a s s l i p i d , 
pr o t e i n , and wa t e r  and t o t a l  c a rc ass en e r g y  ( r  = . 8 4 t o  
. 9 2 ) . I n  th i s  tr i a l  mode rate l y  c ond i t i oned c ow s  ( c o nd i t i o n  
s c o r e  = 5 )  had 1 1 . 2 % pe r c e n t  c a r c a s s fat . 
Dunn et a l . ( 1 9 8 3 ) s ug g e s t e d  that c o nd i t i o n s c o r e  
w a s  c l o s e ly r e l a ted to emp t y  body f a t  ( r  = . 77 )  and th a t  
c ow s  o f  c o ndi t i on sc o r e  5 . 2 h ad 1 6 . 7 % empty body f a t . 
S h o rtc o m i ngs o f  c ond i t i on s c o r e s  a r e : 1 )  it i s  a 
s ubj ecti v e measu r ement w i th o ut a un i v e r s a l  s t andard , and 2) 
the rati o of subcutane o us f at and fat in th e abdom e n  
d i f f e rs between da i ry and b e e f  b r e eds 
-
( T r u s c o t t , 1 9 8 3 ) a n d  
is not acc ountabl e b y  c o ndi t i o n sc o r e  ( L ong et a l . ,  1 97 9 ) .  
Advantages o f  c ow body c ond i t i on s c o r es are : 1 )  i t  
is i n expensi ve and r e qu i r es _no s pec i a l  e qu i pment to· 
uti l i z e ,  2)  i t  is h i gh l y r ep e atabl e ,  3 )  i t  is h i g h l y  
c o r r e lated w i th subc uta ne o u s  f at l e v e l s , 4 )  i t  can be used 
to de f i n e  opt i mum h e rd c o nd i t i on s  at cr iti c a l  t i mes of the 
pr oducti on c yc l e  and 5 }  it can b e  used to i dent i f y  c ow s  
r e qu i r i ng spec i a l f e ed i ng manag ement . A fte r c on s i de rabl e  
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r ev i ew ,  And e r s o n  ( 1 9 8 6 ) deduc ed t h a t· "c ow body c on d i t i on 
s c o r es s h o u l d  be c on s i de r ed a s  a c o s t  e f f ec t i ve t o o l  wh i c h  
can be u s ed b y  bo t h  t h e  p r oduc e r  and r e s earc h e r" . 
COW BODY CONDITION AND REPRODUCTIVE PERFORMANCE 
As ea r l y  as 1 9 6 2 , W i l t bank po s tu l a ted that o n s e t  o f  
o va r i an ac t i v i t y i n  t h e  p o s t pa r t um c o w  wa s a f f e c t ed not 
o n l y  by ava i l ab l e  d i e t a r y  e n e r g y  but al s o  by c o w  body 
c o nd i t i on . Ba r t l e  e t  a l . ( 1 9 8 4 ) f o l l owed . up on thi s  
c o n c e p t  and p r oduced a t h r e e  d i me n s i o na l  d i agram wh i c h 
i l l u s t rated t h e  l i n e a r  and qu adr a t i c  e f f e c t s  o f  r e l a t i ve 
e n e r g y  i n take and e s t i ma t ed p e r c en t ag e  body fa t ( de t e r m i n e d  
v i a  u r ea d i l u t i o n  t e c h n i qu e ) o n  po s t pa r t um i n t e rv a l .  H e  
c o ncluded that po s t pa r tum i n t e rv a l  c ou l d  be s h o r t e n e d  b y  
i nc r e a s i n g a c o w s  pe r c e n t body f a t  a t  c a l v i ng o r  i nc r e a s i ng 
po s t pa r tum e n e r g y  i n take o r  b o t h . 
H i gh e r  body c ond i t i o n s c o r e s  p r i o r  t o  c a l v i n g  have 
b e e n  a s s o c i a t ed w i t h i nc r e as e d  p l ac e n t a l  f r uc t o s e  
-
c o nc e n t r at i on s  ( Rasby e t  a l . ,  1 9 8 5 ) and dec r e a s ed d r y  
mat t e r  c o n s umpt i o n ( van N i e kerk , 1 9 8 2 b ;  B i ne s and Moran t , 
1 9 8 3 ) . 
Cow body c o n d i t i o n  a t  c a l v i ng i s  a majo r fac t o r  i n  
d e t e rm i n i ng subs e quen t r e p r oduc t i v e  pe r f o rmanc e . C ows 
w i t h h i g h e r  c o n d i t i o n  s c o r e s  a t  c a l v i ng have a g r e a t e r  
ch anc e o f  r e s um i ng e s t r u s  6 0  d po s tpa r t um ( Wh i tman , 1 9 7 5 ) , 
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s h o r t e r  po s t pa r t um i n t e rva l s  ( Gr aham ; 1 9 8 2 ; H o u g h t o n , 1 9 8 6 ; 
R i chards e t  a l . ,  1 9 8 6 ) and h i gh e r  c a l f we i gh t s  up un t i l  
b r e ed i ng ( Graham , 1 9 8 2 ) . 
C ow s  w i t h  h i gh e r · c o n d i t i on s c o r e s  at b r e ed i n g  h ave 
b e e n  s h own to have e nhanc ed c o rpus l u t eum v i ab i l i t y 
f o l l ow i n g p r o s tag l and i n  s yn c h r o n i z a t i o n ( Be t t s  e t  a l . ,  
1 9 8 5 ) ,  s h o r t e r  p o s t pa r t um i n t e rva l s  ( Rake s t raw e t  a l . ,  
1 9 8 4 ; Hanc ock e t  a l . , 1 9 8 5 a ) , i nc r e a s ed p r e gnanc y ra t e s  
( K i l k enny , 1 9 7 8 ; van Ni e k e r k , 1 9 8 2 b ;  S e l k  e t  a l . ,  1 9 8 5 ) and 
dec r e a s ed c a l v i ng i n t e rv a l s  ( K i l k enny , 1 9 7 8 ; van Ni e k e r k , 
1 9 8 2 b ) . 
Wh i tman ( 1 9 7 5 ) r e p o r t e d  t h a t  l i k e l i h ood o f  e s t r u s  
6 0  d p o s tpar tum f o r  c ow s  i n  g o o d , mode r a t e  and th i n  
condi t i on a t  c a l v i ng wa s . 9 1 ,  . 6 1 and . 4 6 ,  re s pe c t i v e l y . 
I f  c ow s  we r e  l o s i ng we i gh t  a f t e r  c a l v i ng t h e i r  i nc i denc e o f  
c yc l i c i t y by 7 0  t o  9 0  d p o s t p a r tum was d i r e c t l y  re l a t e d  to 
ava i l ab l e  body energy r e s e r ve s . P r egnanc y rat e s  a t  f i r s t  
b r e ed i ng were n o t  a f f e c t ed b y  e i t h e r  pre -breed i ng we i g h t  
change o r  body c ondi t i on a t  b r ee d i n g . 
-
K i l k enny ( 1 9 7 8 ) de t e rm i n e d  that c ows o f  h i g h e r  
c o nd i t i o n  s c o r e s  at ma t i ng h a d  i nc r ea s ed p r egnanc y r a t e s  
and dec r e a s ed c a l v i ng i n t e r v a l s .  H e  s ugg e s t ed cow body 
c o nd i t i on s c o r e s  a t  m i d  p r e g nanc y , c a l v i ng and b r e e d i n g  f o r  
opt i mum rep roduc t i ve pe r f o rmance o f  s p r i ng ca l v i n g c ows 
we re 2 . 5 ,  3 ,  and 2 . 5  ( 1 - 5  s c a l e ) ,  r e s pec t i ve l y . 
At the beg i nn i ng o f  w i n t e r  van N i e k e r k  ( 1 9 8 2 b ) f ed 
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f o u r  g r oups o f  cows i n  d r yl o t , w i t h  i n i t i a l  co ndi t i on 
s c o r e s  o f  1 . 5 ,  2 . 0 , · 2 . 5  a nd 3 . 0  ( equ i va l e n t  t o  c ond i t i on 
s c o r e s  o f  2 ,  3 ,  4 ,  and 5 o n  1 thr o u g h  9 s c a l e , 
r e s pe c t i ve l y )  i n  o rde r t h a t  a l l c ow s  we r e  a c ond i t i on s c o r e  
3 . 0  a t  pa r t u r i t i o n . I t  w a s  n o t ed t h a t  v e r y  thi n c ow s  
( i n i t i a l  c o nd i t i o n s c o r e = 1 . 5 )  e v e n  w h e n  fed h i g h e r  l e v e l s  
o f  c o n c e n t r a t e s  r equ i r ed t h r e e  t i m e s  a s  l o ng t o  r e ach the 
f i na l  endpo i n t  ( c ondi t i on s c o r e  = 3 )  as c ows wi t h . i n i t i a l  
c o n d i t i o n  s c o r e s  o f  2. 5 .  T h i s  e mph as i z e s  the s ubs t an t i a l 
i nc r e a s e  i n  f e e d  c o s t s  o v e r  t i m e  n e eded t o  r ep l ac e  body 
energy r e s e rv e s  of  t h i n  c ow s  c om i ng o f f fa l l  pas t u r e. C o w s  
i n i t i a l l y  i n  the th i n  g r o u p s  ( c o nd i t i o n s c o r e  = 1 . 5  o r  2 . 0 )  
wh i ch ga i ned body c o n d i t i o n p r i o r  t o  ca l v i ng h ad h e av i e r  
c a l v e s  a t  b i r t h  than c o w s  t h a t  ma i n ta i ne d  the i r  body 
c o nd i t i o n. Ca l v i ng i n t e rv a l  d e c r e a s e d f r om 3 1 4 t o  2 9 2  d a s  
c ow body c ond i t i on s c o r e  a t  ma t i ng i nc r e a s ed f r o m  2 . 0  t o  
4 . 0 .  C a l ve s  b o r n  p e r  1 0 0 c o ws ma t ed we re h i gh e s t  f o r  c o w s  
i n  c o nd i t i o n s c o r e  3 . 0  a n d  3 . 5  a t  breedi ng ( 7 8 and 7 7 , 
re s p e c t i v e l y ) .  A c o n d i t i on s c o r e at ma t i ng o f  3 . 0  
( c o n d i t i o n s c o re 6 ,  o n  1 t h r o u g h  9 s c a l e ) wa s s u g g e s t ed a s  
o p t i mum fo r r e p r oduc t i ve p e r£ o rmanc e. 
S e l k  e t  a l . ( 1 9 8 5 ) f o und t h a t  pr egnanc y r a t e s w e r e  
i nc re a s ed a s  c ow c ond i t i o n s c o r e a t  pa r tu r i t i on i nc r e a s ed , 
b u t  c o nd i t i on s c o r e  c h a n g e  p r i o r  t o  c a l v i ng had no e f f e c t  
on e i the r p r egnan c y  r a t e s  o r  da ys t o  c on c e p t i o n . The y  
ob s e rved a 1 9 % i nc r e a s e  i n  p r e g nancy ra t e  f o r  each i nc r e a s e  
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o f  1 . 0  i n  c ond i t i on s c o r e  a t  c a l v i n g � I n  a l a t e r  r e p o r t ,  
us i n g · d i s c r i m i nan t ana l y s i s  p r o c edu r e s ,  S e l k · e t  a l . ( 1 98 6 ) 
f o und t h a t  a c ow body c o nd i t i on s c o r e  o f  5 . 3  a t  c a l v i ng wa s 
t h e  d i v i d i ng po i n t  f o r  p r ed i c t i ng i f  c ows would bec ome 
p r e g nan t or fa i l  t o  c o nc e i v e . I t  wa s no t s ug g e s t ed t h a t 
a l l c ows be l ow c o nd i t i on s c o r e  5 . 3  wou ld f a i l t o  bec ome 
p r e g nan t , bu t that a r educ t i on i n  p r egnancy r a t e s  wa s 
obs e rved f o r  c ows be l o w t h i s  po i n t  ( 6 6 v s  9 0% p r egnancy 
ra t e s  for c ows t h a t  av e r a g e d  4 . 9 and 6 . 2  condi t i on s c o r e s  
a t  c a l v i ng , r e s pec t i v e l y ) . 
Houg h t o n  ( 1 9 8 6 ) ob s e rv ed t h a t  cows w i th h i gh e r  
c o n d i t i on s c o r e s  a t  c a l v i ng h a d  s h o r t e r  po s tpa r t um 
i n t e rv a l s .  F i r s t  s e rv i c e c on c e p t i on r a t e s  were l owe r 
a s  c o w  c o nd i t i on s c o r e s  a t  b r e ed i ng i nc r eas ed and p r e g n anc y 
ra t e s  were h i gh e s t  f o r  c ow s  w i th i n t e rmed i a t e  c o ndi t i o n 
s c o r e s  a t  breed i ng r e g a r d l e s s  o f  body c o nd i t i o n a t  c a l v i ng . 
I t  i s  feas i b l e  t h a t  f i r s t  s e rv i c e  c on c ep t i o n rat e s  wou l d  b e  
l owe r f o r  h e av i e r c on d i t i on c ow s  a s  c o nce p t i on r a t e s  a t  
f i r s t  s e rv i c e i s  po s i t i v e l y  c o r r e l a t ed w i t h day s  t o  f i r s t  
e s t r u s . S i nce th i n  c ow s  wou l d  have l o ng er po s tpa r t um 
i n t e rva l s , a mo re f e r t i l e f i r s t  e s t ru s  w o u l d  be expec t e d . 
Wh i tman ( 1 9 75 ) f o u nd we i gh t  t o  h e i g h t  r a t i o  may 
a l s o  be u s ed t o  i nd i c a t e  r e p r oduc t i v e pe r f o rmance of c ow s . 
C ows w i th h i g h e r  we i gh t  t o  h e i g h t  ra t i o s  6 0  d b e f o r e  
ca l v i ng had a g r e at e r  l i k e l i h o od o f  e s t r us a t  6 0 , 7 0 , 8 0  
and 9 0  d p o s tpar tum . C o w s  w i t h h i g h e r  we i g h t  t o  he i gh t  
r a t i o s  at f i r s t  e s t r u s  t e nd e d  t o  h ave s h o r t e r  po s tpa r t um 
i n t e rva l s . We i gh t  t o  h e i g h t  r a t i o  a t  f i r s t  b r e ed i ng d i d  
n o t  a f f ec t  l i k e l i ho o d  o f  p r e gn anc y . 
B ody c o nd i t i o n a t  pa r tu r i t i on a f f e c t s  c o w  
r e p r oduc t i ve pe r fo rmanc e . S ev e r a l  r e s earc h e r s  h a v e  s h o w n  
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that i f  p r e pa rt um e n e r g y  i s  n o t  r e s t r i c t ed s e v e r e l y  e n o u g h  
t o  r educ e body c ond i t i on a t  c a l v i ng b e l o w a n  a v e r a g e  
c ond i t i on s c o r e  o r  i f  p o s t pa r t um e n e rg y  l e ve l s  a r e  h i g h  
e n o u g h  f o r  c ow s  t o  c omp e n s a t e  f o r  ea r l i e r c o nd i t i o n l o s s e s  
t h e n  d i f f e r e n c e s  i n  c o w  r e p r od u c t i v e  p e r f o rmanc e w i l l  n o t 
b e  o b s e r v e d  ( C o r ah e t  a l . ,  1 9 7 5 ; S p r o t t  and T r i p l e t t . 
1 9 8 5 ) .  
MATERIALS AND METHODS 
One hundred and t h i r t y- t h r e e  mu l t i pa r o u s , s p r i ng ­
ca l v i ng S i mmen t a l -Angus c ows w e r e  part o f  a 3 y r  c ow 
manag eme n t  s tudy and we r e  u s ed t o  de t e rm i n e  t h e  m i n i mum 
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c ow body c o nd i t i o n r equ i r e d  a t  t h e  s t a r t  o f  t h e  c a l v i ng and 
b r e ed i ng s e a s o n s  wh i ch w o u l d  i n su r e  that a h i g h p e r c e n t a g e 
o f  t h e  c ow h e rd i �  c yc l i ng a t  t h e  be g i nn i ng o f  t h e  b r eed i ng 
s e a s o n  and t h a t  a 3 6 5  d c a l v i ng i n t e rv a l  i s  ma i n t a i n ed . 
C ow s  w i n t e red at the S o u t h  D ak o t a  S ta t e  Un i v e r s i ty 
L i ve s t oc k  and Ran g e  Re s e a rc h  S t a t i o n near C o t t onwood and 
s umm e r g r a z ed near S tu rg i s , S ou t h  D ak o t a . C ows we re 3 and 
4 ye a r s  of age ( n  = 8 8 ) at t h e  o n s e t  of the s tudy i n  
D e c embe r ,  1 9 8 4 . Fo r t y - f i ve 3 y r - o ld c ow s  we r e  added t o  t h e  
s t udy i n  Dec embe r , 1 9 8 5 . 
du r i ng the 3 yr pe r i od . 
N i n e t e e n  c ows we r e  c u l l ed o r  d i e d 
I n  e a r l y  D e c embe r  c ow s  we re a l lo t ted by pa r i t y and 
p r e v i o u s  calv i ng da t e  t o  h i g h or l ow ene r g y  ear l y  w i n t e r  
nu t r i t i onal t r e a tme n t s  . Th i r t y  days pr i o r t o  the s t a r t  o f  
t h e  calv i ng s e a s on all c ow s  w e r e  fed as one g r oup and we r e  
o f f e red p r o t e i n  supp l emen t  ( � 3 5 k g  c rude p r o t e i n  x hd -
1 x day- 1 )  wh i le g ra z i ng na t i v e range . Gras s h ay wa s f e d  
a d  li b i tum when s nowc o v e r  p r e v en t ed g raz i n g . W i t h i n  1 wk 
a f t e r  c a l v i n g c ows we r e  r e a l lo t t ed by pa r i t y ,  calv i ng d a t e , 
c alf s e x and ea rly w i n t e r  t r e a tm e n t  t o  h i g h o r  low e n e r g y  
- la t e  w i n t e r  supplemen t al t r e a tme n t s  un t i l s p r i ng ( May 8 + 1 
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d ) . N u t r i t i onal t r eatme n t s  we r e  de s i gned t o  p r oduc e a w i de 
range · o f  cow body c o n d i t i on a t  c a l v i ng and b r e e d i ng and 
c ows were managed in d r y l o t  or g r az ed nat i ve rang e dur i ng 
t h o s e  pe r i ods ( tab l e  1 ,  2 and 3 ) . 
W i n t e r  pa s t ur e s  g r a z ed we r e  c o - dom i na t ed by s h o r t  
and med i um he i gh t  g ras s e s  o f  wh i c h we s t e r n  wh e a t g ras s ( m i d ­
g ra s s ) ,  bu f f a l o g r a s s  ( s h o r t - g r a s s ) and b l ue g rama ( s h o r t ­
g r as s ) c ompr i s e o v e r  7 5 % o f  t o t a l  f o rag e pr oduc t i o n . 
B r e ed i ng b e g an o n  J u n e  6 e ac h  year and l a s t ed 6 0  t o  
7 0  d .  D u r i ng t h e  f i r s t  t wo b r e e d i ng s e as ons cows we r e  
expo s e d  t o  four m a t u r e  C h a r o l a i s bu l l s  t h a t  we r e  c h e c k ed 
and f o und acceptab l e  f o r  s em e n  qua l i t y .  F o r  t h e  t h i rd 
year , c ow s  obs e rved i n  e s t ru s  du r i ng the f i r s t  2 1  d o f  t h e  
b r e e d i ng s e a s on we r e  a r t i f i c i a l l y  i ns e m i na t ed . C o w s  w e r e  
t h e n  expo s ed t o  bu l l s  f o r  t h e  r e ma i nd e r  o f  t h e  b r e ed i ng 
pe r i od . S i mmen t a l  and Ang u s  s i r e s  we r e  us ed f o r  t h e  t h i rd 
b r e ed i ng s e as on . C o w s  wh i c h f a i l ed t o  c o nc e i ve as 
de t e rm i ned by r e c t a l  pa l pa t i o n in Oc t obe r we re c u l l ed e ac h  
y e a r . 
Cow we i gh t s  ( a f t e r  f e e d  and wa t e r  we re removed 
o v e rn i gh t ) ,  bac k f a t  ( BF )  n e ed l e  pr obe s ( C o o k s  p r obe l. t a k e n  
be twe e n  t h e  1 2 th and 1 3 t h r i b  o ve r  th e l o ng i s s i mu s  m u s c l e ) 
and t h e  average c ond i t i on s c o r e ( C S ,  t ab l e  2 . ) o f  two 
i nd i v i dua l a s s e s s o r s  we r e  r e c o rded a t  the be g i nn i ng and e n d  
l C o ok ' s  Labo r a t o r y , P . O .  B o x  5 1  T o r r i ng t o n , WY 8 2 2 4 0 . 
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o f  e ar l y  w i n t e r  t r e a tment ( e a r l y  D e c embe r  and Februa r y , 
r e s pe c t i v e l y ) ,  p r i o r  t o  t h e  s t a r t  o f  t h e  c a l v i ng s e a s on i n  
March , a t  t h e  end o f  l a t e  w i n t e r  t r eatment i n  May , a t  t h e  
b e g i nn i ng o f  t h e  b r e ed i ng s e a s on i n  June and 1 m o  i n t o  t h e  
b r e ed i ng s ea s on i n  Ju l y . H i p  h e i g h t  was an av e r ag e o f  
t h r e e  mon th l y  me a s u r eme n t s  r e c o rded each year and we i gh t  t o  
h e i g h t  r a t i o s ( WHR ) we r e  c ompu t ed b y  d i v i d i ng l i ve we i g h t  
( kg )  b y  h i p  h e i g h t  ( em ) . C a l ve s  w e r e  we i g hed at b i r th i n  
1 9 8 7  a t  t h e  end o f  l a t e  w i n t e r  t r e a tment and mon t h l y  
t h e r e a f t e r  un t i l  we an i ng . 
B l ood samp l e s  ( 1 0 m l ) we r e  c o l l ec t ed i n  m i d - Ma r c h  
p r i o r  t o  t h e  c a l v i ng s e a s o n  a n d  7 - 1 0  d apar t  i n  ea r l y  M a y , 
June and J u l y by jug u l a r  v e n i pun c t u r e . C l o t t ed b l o o d  wa s 
c e n t r i fuged and s e rum wa s f r o z e n  - 3 0  C f o r  l a t e r  ana l ys i s . 
S e rum pro g e s t e r one c o n c en t ra t i on s  w e r e  de t e rm i ned on t h e  
po s t - c a l v i ng samp l e s  us i ng a s o l i d - phas e , no e x t r ac t i on , 
rad i o i mmun o a s s ay and an t i body c o a t ed tube s prepa r ed by 
D i ag no s t i c s  Produc t s  C o rp o r a t i o n 2 . P r o g e s t e r o n e  was 
l abe l l ed w i t h s od i um i od i d e ( 1 2 S I )  w i t h a h i gh s pec i f i c  
ac t i v i ty and t o ta l  c o un t s  o f  app r o x i ma t e l y  9 0 , 0 0 0  
c o unt s / m i n  a t  t h e  t i me o f  i od i na t i o n . S i n c e  s t anda rd 
c u r v e s  of i nc r ea s i ng vo l ume s of s t e e r  s e rum we r e  f o und t o  
b e  pa r a l l e l , 1 0 0 m i c r o l i t e r s  o f  s t ancta rds and 2 0 0  
2 D i agno s t i c  Pr oduc t s  C o r p o r a t i 8 n , 5 7 0 0  We s t  9 6 th S t r e e t  
L o s  Ang e l e s , C A  9 0 0 4 5 . 
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m i c r o l i t e r s  o f  s amp l e s  we r e  u s ed . Max i mum. b i nd i ng wa s f r om 
4 0  t o  · s o% . S eparat i on o f  t h e  b o und and f r e e  f rac t i o n s  anq 
t e rm i na t i on o f  the c ompe t i t i on was acc o mp l i s hed by 
d e c a n t i ng the s up e r n a t a n t  a f t e r  a 3 hr i n c uba t i on w i t h  t h e  
b ound f r ac t i on rema i n i n g  i n  t h e  t ube . T h e  as say s e n s i t i v i t y 
f o r  p r o g e s t e ro n e  was . 0 5 n g / m l  and t h e  s t andard c u r v e  was 
l i ne a r  be tween . 5  and 1 0 0 n g / m l . R e c ov e r y  was 1 0 3 % f o r  
s t e e r  s e rum s p i k e d  w i t h  8 n g / m l  o f  p r o g e s t e r on e . S t anda rd 
c u r v e  i n t ra- and i n t e r - a s s ay c o e f f i b i errt s o f  va r i a t i o n 
u s i ng s p i k ed and n o rma l s t e e r  s e rum were . . 0 9  and . 1 6 ,  
r e s pe c t i v e l y . The an t i body wa s c h e ck ed f o r  c r o s s r e ac t i v i t y 
t o  o th e r  s i m i l ar c ompo un d s  and f o und h ave < . 5 % t o t a l  
c r o s s  r e ac t i v i t y . C ow s  w i th s e rum p r o g e s t e r one 
c o nc e n t r a t i on s  �1 ng / m l  at e i t h e r  b l e ed i ng 7 - 1 0  d apa r t  
i n  May , J une o r  J u l y  we r e  c o n s i de r ed t o  b e  cyc l i c . T h o s e  
c ow s  w i th p r o g e s t e r o n e  c o nc en t ra t i on s  < 1  ng / m l  we re 
c o n s i de re d  t o  be ane s t r ou s . N i ne ty - e i gh t  percent ( 9 0 / 9 2 ) 
o f  t h e  c ows that c a l ve d  i n  t h e  f i r s t  2 1  d o f  t h e  c a l v i ng 
s e a s o n  had p r o g e s t e r o n e  c o n c e n t ra t i o n s  �1 ng / m l  by e a r l y  
Ju l y  t h e  year pr i o r . A l l c ow s  ob s e rved i n  e s t ru s  dur i n g  t h e  
t h i rd b r e ed i n g s e a s o n  h ad be e n  c o n s i de r e d  cyc l i c  a s  
de t e r m i ne d  by pro g e s t e r o n e  a s s ay . 
I 
B l ood s amp l e s  c o l l ec t e d  i n  March and Ma y w e r e  u s e d 
t o  de t e rm i ne s e rum d - B - h yd r o x ybu t y r a t e  ( BHB ) and u r ea 
n i t r o gen c oncen t r a t i on s  u s i n g  e n z yma t i c  r e ac t i on s  de s c r i be d  
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b y  S i gma D i agn o s t i c s 3  { 1 98 5 ) and Fawc e t t  and S c o t t  { 1 96 0 ) , 
r e s p ec t i v e l y. The e n z ym e  B H B  d e h ydr o g e na s e  was u s ed i n  t 4 e  
c o nve r s i o n o f  BHB and N A D  t o  ac e t o ac e t a t e  and NADH . · The 
i nc r e as e in NADH c o nc e n t r a t i on wa s m ea s u r ed 
ca l o r i me t r i c a l l y  and an e qu a l mo l ar c o nc e n t r a t i on o f  BHB w a s  
de t e rm i ned . Th e e n z yme u r e a s e was u s ed i n  t h e  c onv e r s i o n o f  
u r e a  and wa t e r  t o  ammon i a  and c arbon d i o x i de . Us i ng a 
ph e n o l i nd i c a t o r  ammon i a  and p r o po r t i o n a l  u r e a  n i t r o g e n  
c o n c e n t ra t i o n s  w e r e  de t e r m i n e d  c o l o � imet r i c a l l y . 
H i g h and l ow e a r l y  w i n t e r  and h i g h  and l o w l at e  
w i n t e r  nut r i t i on a l  t r ea tm e n t s  we r e  ana l y z e d  i n  a 2 2  
f ac t o r i a l  de s i g n. A f t e r  n o n s i gn i f i c a n t  fac t o r s  and 
i n t e r ac t i on s  we r e  removed e a r l y  and l a t e  w i n t e r  t r e a tm e n t s  
and t h e i r  i n t erac t i o n , c ow a g e  and c a l v i ng date o f  t h a t  
year we re u s ed i n  t h e  f i na l  mode l t o  c o n s i d e r  t h e  e f f e c t s  
o f  nu t r i t i o nal t r e a tme n t  o n  c ow body c o nd i t i on wi th i n  y e a r . 
F e t a l  s e x  was i nc luded i n  t h e  above mode l f o r  c a l v i ng 
i n t e rv a l  ana l y s i s . C h i - squar e  ana l y s i s  and one way 
c ompar i s o n  of means was u s ed f o r  the e f fec t of nu t r i t i o n a l 
t r e a tmen t s  o n  c yc l i c i t y b y  y e a r. Data f r o m  c ows wh i c h  
fa i l ed t o  ra i s e  c a l v e s  o r  c a l ved w i t h i n  2 1  d o f  t h e  e nd o f  
l a t e  w i n t e r  t r e atme n t  we r e  n o t  i nc l uded i n  the ana l y s i s  o f  
e f fe c t o f  nu t r i t i ona l t r e a t me n t s  o n  c o w  pe r f o rmanc e . C ow s  
> 6 0 d ( e ar l y  c a l ve r s ) and < 6 0  d p o s tpartum a t  t h e  b e g i nn i n g 
3 S i gma D i agno s t i c s , P . O .  B o x  1 4 5 0 8  S t . L o u i s ,  MO 6 3 1 7 8 . 
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o f  t h e  b r e ed i ng s ea s o n  i n  J u n e  we r e  ana l yz ed s e pa ra t e l y  f o r  
t h e  e f f e c t  o f  body c o nd i t i on o n  c ow pe r f o rmanc e . A f t e r  
n o n s i gn i f i c an t  fac t o r s  ( c o wa g e , n u r s i n g  ca l f  s ex , and f e t a l  
c a l f s ex ) and i n t e rac t i on s  ( c o w  body c ond i t i on i n  Ma r c h  and 
body c o nd i t i on in May or J un e ) w e r e  de l e t e d , the mode l 
i nc l uded t h e  li near and quad ra t i c  r e s po n s e  o f  each body 
c o nd i t i o n mea s u r em e n t  and ye a r . L e a s t - squ a r e s  means 
and s t anda rd e r r o r s  were g en e ra t ed by t h e  Gen e r a l  L i n e a r  
Mode l s  ( GLM ) p r o c edu r e  o f  t h e  S t a t i � t i cal Analys i s  S ys t em 
( S AS , 1 9 8 5 ) . S i nc e  adaqu a t e  d e g r e e s  o f  f r e edom w e r e  
p r e s e n t  a s  de s c r i bed by Damon a n d  H a r v e y  ( 1 9 8 7 ) b i n om i al 
data f o r  t h e  e f f e c t  o f  c ow body c o nd i t i o n  ove r year on 
c ycli c i t y was ana l y z e d  u s i ng GLM p r o c e du r e s  by c r e at i n g 
dummy var i able s 0 and 1 f o r  t h e  dependent r e s pon s e . D a t a  
f r om c o ws wh i c h  f a i le d  t o  r a i s e  c a l v e s  o r  calved w i th i n  7 d 
o f  t h e  e nd o f  la t e  w i n t e r  t r e a tm e n t  we r e  n o t  i nc l uded i n  t h e  
anal y s i s  o f  e f f e c t o f  body c �n d i t i o n on c o w  pe r f o r manc e . 
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TABLE 1 .  NUTRITIONAL TREATMENTS , 1 9 8 4 � 8 5 •  
N a t i ve 
P r o t e i n  
s uppl emen t 
A l fa l fa Gras s rang e o r  
I t em hay hay D ryl o t b  
k g / d  - - - - - - - - -
Ea r l y  w i n t e r  t r eatme n t , 1 2 / 1 3 / 8 4 - 2 / 1 5 / 8 5  
H i g h . 8 
Low 
Late w i n t e r  t r eatme n t , C a l v i ng - 5 / 7 / 8 5  
H i gh 
Low 
D i e t  c ompo s i t i o n 
C rude p r o t e i n  
N eu t ra l  de t e r g e n t  f i be r 
Ac i d  d e t e r g ent f i b e r  
Ac i d  de t e rg e n t  
i n s o l ub l e  n i t rogen 
a n r y  ma t t e r  bas i s . 
4 1 . 8  
4 . 5  7 . 4  
2 . 2  
% - - - - - - - - - -
1 4 . 7  5 . 6  
5 5 . 8  7 8 . 8  
4 6 . 0  5 7 . 0  
• 7 . 4 
b NR = c ows g r a z ed nat i v e rang e 
DL = c ows f ed i n  dryl o t . 
wh i l e o n  t r e a tme nt . 
TABLE 2. NUTRITIONAL TREATMENTS , 1 9 8 5 - 8 6 •  
NR 
NR 
NR 
NR 
N a t i ve 
P r o t e i n  
s uppl ement 
Gra s s G r a s s ran g e  o r  
I t em hay hay D ryl o t b  
k g / d  - - - - - - - - -
Ea r l y  w i n t e r  t r e a tme n t , 
H i gh 
1 2 / 9 / 8 5 - 2 / 7 / 8 6  
• • • • 1 1 • 5 
L o w  
L a t e  w i n t e r  t r e atmen t , C a l v i ng - 5 / 9 / 8 6  
H i gh . 8  
Low . 8 
7 . 7  
8 . 2  
D i e t c ompo s i t i on 
C rude p r o t e i n  
- - - - - - - - - - - - % - - - - - - - - - -
N eu t r a l  de t e r g e n t  f i b e r 
Ac i d  de t e rg e n t  f i b e r  
Ac i d  de t e r g e n t  
i n s o l ub l e  n i t rogen 
a n r y  mat t e r ba s i s . 
4 1 . 4  9 . 2  6 . 8  
6 6 . 7  6 4 . 4 5 
4 7 . 4  4 3 . 1 5 
. 7 • 3 
b NR = c ow s  g r a z ed nat i ve r an g e  
D L = c ow s  f e d  i n  dry l o t . 
wh i l e o n  t r e a tme nt . 
NR 
D L  
NR 
DL 
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TABLE 3 .  NUTRITIONAL TREATMENTS ,  1 9 8 6·-8 7 •  
Na t i ve 
P r o t e i n  
s uppl emen t 
Gras s Gras s r a n g e  o r  
I t em hay hay D ryl o t b '  
kg / d  - - - - - - - - -
E a r l y  w i n t e r  t r eatmen t , 
H i g h 
1 2 / 5 / 8 6 - 2 / 1 3 / 8 7  
. 8 
Low 
Late w i n t e r  t r ea tme nt , C a l v i ng - 5 / 8 / 8 7  
H i gh . 8  
Low . 8 
7 . 9 
5 . 5  
D i e t c omp o s i t i o n · 
C rude p r o t e i n  
- - - - - - - - - - - - % - - - - - - - - - -
Ne u t ra l  de t e rgent f i b e r  
Ac i d  d e t e rgent f i b e r  
Ac i d  de t e rg e n t  
i n s o lub l e  n i t r ogen 
a n r y  mat t e r  ba s i s . 
4 4 . 2  9 . 9  7 . 6  
6 4  . . 9 7 2 . 3  
4 1 . 2  4 5 . 5  
. 7 • 4 
b NR = c ows g raz ed nat i v e ran g e  wh i l e o n  t r e a tme n t . 
D L = c o ws f e d  i n  dr y l o t . 
NR 
DL 
NR 
DL 
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TABLE 4 .  BODY COND I T I ON SCORING SYSTEM FOR BEEF COWS . 
C ow body 
c o nd i t i on s c o r e D e s c r ipt i on 
1 Seve r e ly - Emac i at ed . I nd i v i dua l s p i n o u s  
p r o c e s s e s , s h o u l de r , r i b  a n d  h i p  b o n e s  a r e  
obv i o us . N o  appa r e n t  fa t c o v e r . S h o u l de r , 
l o i n  and r e a r qu a r t e r  musc l e  h a s  m a r k e d  
a t r o ph i e d app e a ranc e . Ph ys i c a l l y  weak . 
2 
3 
4 
5 
6 
7 
8 
9 
Ex t r eme ly Th i n . 
weak e n ed . 
S ame as 1 bu t n o t 
Ve ry Th i n . I nd i v i dual s p i n o u s p r o c e s s e s , 
s h ou l de r , r i b and h i p  bone s a r e  obv i o u s . N o  
app a r e n t  f a t  c ove r . On l y  s l i gh t  mus c l e  
a t r ophy . 
Sl igh t ly Th i n . I nd i v i du a l s p i n o u s  
p r o c e s s e s  no l ong e r  appar e n t . R e a r  r i b s , 
h i p  and p i n  b o n e s ev i den t . S l i gh t  f a t  c o v e r  
o v e r  shou l de r  a n d  f o r e r i b s  o n l y . N o  
v i s i b l e  mu s c l e  a t r o ph y . 
Mode r at e . L a s t two r i b s  n o t i c e ab l e . 
S ma l l am o u n t  o f  f a t  o v e r  s h o u l de r , 
f o r e r i b s , and l o i n . S l i g h t  o r  no fat i n  
br i s k e t  o r  o v e r  h i p and p i n  b o n e s . 
Sl igh t ly F l e s hy .  I nd i v i du a l  r i bs a r e  n o t  
e v i de n t . Mode r a t e  f a t  c o v e r i ng o v e r  
s h o u l de r , l o i n , and f o r e r i b s . S om e  f a t  i n  
br i s k e t  a n d  o v e r  l a s t f e w  r i b s  and h i p  
bon e s . 
F l e s hy .  Ve r y  s m o o t h  pr o f i l e  due t o  f at 
dep o s i t s . C o n s i de r ab l e  f a t  c o v e r i ng o v e r  
s h ou lde r , r i b , l o i n , and h i p . F a t  f i l l s  
o u t  b r i s k e t , f l an k s  and t a i l h e ad . 
Obe s e . Wh e n  v e i wed f r om b e h i nd , back and 
h i p s have s qu a r e  app e a r anc e and t a i l h e a d  
is  fu l l  du e t o  e x c e s s i v e f a t  de po s i t s . 
F l ank s app e a r  de e p  and b r i s k e t  i s  fu l l  and 
d i s t ended w i t h f a t . 
Very Obe s e . Exc e s s i ve f at depo s i ts c au s e  
a r i pp l ed appe a rance o v e r  l o i n , h i p  and 
ta i l h e ad . N e c k  ap p e a r s  s h o rt due to 
f u l l n e s s o f  b r i s k et . H e av y de po s i t i o n  o f  
udd e r  f a t  n ot i c e ab l e  i n  d r y  c o w s . 
·RESULTS 
T h e  e f f ec t s  · o f  e a r l y  and l at e  w i n t e r  t r e a tmen t s  
o n  c ow pe r f o rmanc e f o r  each y e a r  a r e  summa r i z ed i n  t ab l e s  
5 ,  6 and 7 .  A w i de range o f  c ow body c ondi t i o n pr i o r  t o  
t h e  s t a r t  o f  t h e  c a l v i n g and b r e ed i ng s e as ons we r e  
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p r oduc ed by t h e  nu t r i t i on a l t r ea t m en t s . T o ta l mean w i n t e r  
we i g h t  chang e s  th a t  o c c u r r ed f r om be g i nn i n g o f  e a r l y  w i n t e r  
t r e a t m e n t  i n  Decembe r  t o  t h e  e nd o f  l a t e  w i n t e r  t r e a t m e n t  
i n  M a y  rang ed f r o m  - 1 8 8  t o  - 5  k g . 
W i n t e r  1 9 8 4 - 8 5  nu t r i t i o na l t r e a tmen t s  pr odu c e d  m e a n  
t o ta l  w i n t e r  we i gh t  c h a n g e s  ( D e c e mbe r to May ) rang i ng f r om 
- 5 2  to - 7 6  kg ( ta b l e  5 ) . C ows on l ow ear l y  and l ow l a t e  
w i n t e r  t r e a tm e n t s  ( LL )  h a d  l ow e r  ( P < . 0 5 )  C S , WHR and B F  
j u s t  p r i o r  to c a l v i ng a n d  3 0  d p r i o r  t o  t h e  o n s e t  o f  t h e  
b r e e d i n g s e as on ( e a r l y  May ) a n d  h a d  h i g he r t o t a l  w i n t e r  
we i g h t  l o s s e s  t h an c ow s  o n  e i th e r  one o r  both h i gh 
t r e a tm e n t s . Pe r c e n t ag e  o f  c ow s  c yc l i ng at the beg i n i n g o f  
t h e  b r e ed i ng s e a s o n i nc r e a s ed ( P < . 0 5 )  and c a l v i ng i n t e rv a l  
w a s  s h o r t e r  f o r  c ows o n  h i g h e r  l e ve l s  o f  nu t r i ti on . 
C yc l i ng r a t e s  i n  e a r l y  May a n d  J u l y , ca l f  g a i n s  and 2 0 5  d 
adj u s t ed c a l f we i g h t s  we r e  s i m i l a r  o v e r  t r e a tmen t s . 
P r e gn anc y r a t e s we re � 9 0% f o r  a l l  t r ea t men t s . 
I n  1 9 8 5 - 8 6  g r e a t e r  d i f f e r enc e s  i n  c ow body 
c ond i t i o n  pr i o r  to c a l v i ng a nd b r e ed i ng we re e s t a b l i s h ed by 
nu t r i t i o n a l  t r e a tmen t s . M e a n  t o t a l  w i nt e r  we i gh t  c h an g e s  
r ang e d  f r om - 5 5  t o  - 8 7  kg ( t a b l e  6 ) . Cows on LL t r e a tme n t s 
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had a 1 2  t o  2 2  k g  g r e a t e r  ( P < . 0 5 )  t ota l w i n t e r  we i gh t  l o s s  
and h ad l owe r ( P < . 0 5 )  C S , WHR and B F  p r i o r  t o  ca l v i n g , i n  
e ar l y  May , pr i o r t o  the b r e e d i ng s ea s o n ( ea r l y  June ) and i n  
e a r l y  J u l y . A s  nut i t i on a l  l e ve l s  we r e  ra i s ed pe r c e n t a g e  o f  
c ow s  c yc l i ng i n  ear l y  June and J u l y  i nc r e a s ed ( P < . 0 5 ) , 
c a l v i ng i n t e rval wa s s h o r t e r  ( P < . 0 5 ) , c a l f g a i n s  dur i ng 
l a t e  w i n t e r  t r eatment we r e  h i gh e r  ( P < . 0 5 )  and c a l f 2 0 5  d 
ad j u s t ed we i g h t s  we r e  1 5  t o  2 3  k g  h e av i e r  ( P < . 0 5 ) . N o  
d i f f e r enc e s  we r e  ob s e rv e d  f o r  p e r c e n t age o f  c ows c yc l i ng i n  
ea r l y  May and f o r  c a l f g a i ns f r o m  Ma y t o  wean i n g . 
P r e gnancy r a t e s  we r e  � 9 0 %  f o r  e ach o f  t h e  4 t r eatment 
c omb i n at i o n s . W i t h i n  l a t e  w i n t e r  t r ea tme n t  BHB l e ve l s  w e r e  
l ow e r  ( P < . 0 5 )  and u r e a  n i t r o g en l eve l s  we r e  h i gh e r  ( P < . 0 5 ) 
f o r  c ows o n  l ow ene r g y  l e ve l s  p r e par tum t han cows o n  h i g h 
e n e r g y  l eve l s  pr i o r t o  c a l v i ng . No d i f f e r e nc e s  we re s e e n  
f o r  March b l o od metabo l i t e l ev e l s . 
C o w  body condi t i o n  e n t e r i ng w i n t e r  1 9 8 6 - 8 7  wa s 
h i gh e r  than prev i ous ye a r s  and w i n t e r  nu t r i t i onal 
t r eatmen t s  pr oduc ed mean t o t a l  w i n t e r  we i gh t  chan g e s  
rang i ng f r om - 7 9  to - 1 3 4  k g  ( t ab l e  7 ) . C ows on LL w i n t e r  
s uppl emen t a l  t r e a tme n t s  had h i gh e r  ( P < . 0 5 ) t o t a l  w i n t e r  
we i g h t  l o s s e s  and we re l owe r ( P < . 0 5 )  i n  C S  and WHR p r i o r  t o  
c a l v i n g , i n  May , June and J u l y . A l owe r p e rc e n tage o f  L L  
c ows w e r e  c yc l i n g  i n  Ma y , June and J u l y . Cal f ga i n s  
du r i n g  l at e  w i n t e r  t r e a tm e n t  and f rom May un t i l  Ju l y  
. dec r e a s ed ( P < . 0 5 )  a s  c ow nu t r i t i o n wa s l owe red . C a l f  b i r t h  
TABLE 5 .  EFFECT OF 1985 EARLY AND UTE l,JINTER TREATMENTS 
ON COY AND CALF PERFORMANCEa 
Early winter treatment 
( 12/13/84 - 2/15/85 ) High Low 
Late winter treaement 
(calving - 5/7/85 ) High Low High 
No . Cows 18 19 21 
Ini tial we ight , kg , 12/13/84 468±8 447%9 464!8 
Ye ight change ,  kg 
21±3: 23±3� - 5+3c 12/1 3/84- 2/15/85 
2/15/84 - 3/12/85 10+3 7+2 19t2c 
3/12/8 5 - 5/7/85 - 8o+5b -87� - 78+4 21+sbc 14;5bd 5/7/85 - 6/5/85 26±5bc 12/1 3/84 - 5/7/85 - b -61.:5 c -66�c - S2zsb 12/1 3/84- 10/18/85 3 6!5 26:t5bc 22t5c 
Condition score 
12/1 3/84 5 . 4 ' + . l9b 5 . 2  :t . l9b 5 . 4  + . 18 2/15/85 5 .  7 :; . 23 5 . 7  ± . 22 5 . 0  + . 21c  
3/12/85 5 . 8  + . 26b 5 . 6  ± . 23 5 . 4 + . 22 5/7/85  5 . 4 + . 23 4 . 6  :t . 22c 4 . 5  + . 21c 
6/5/8 5 5 . 1  ; . 19 4 .  7 :t . 20 4 . 5  + . 18 
7/2/85 6 . 2  � . 18 5 . 8  :t . 18 5 . 6  ± . 17 
Ye ightfheight ratio , kg/em 
12/13/84 3 . 7  + . 06b 3 . 5  ± . 06b 3 . 6  + . 06 d 2/15/85 3 . 8  + . 06 3 . 7  ± . 06 c 3 . 6  + . os c .  
3/12/85 3 . 9  ; . 07b 3 . 8  ± . 06 3 . 7  + . 06 5/7/85 3 . 3  ± . 06 3 . 1  ± . osc  3 . 1  + . os c  
6/5/8 5 3 . 4  ± . 06 3 . 3  ± . 06 3 . 2  + . 06 
7/2/8 5 3 . 7  ±. . 06 3 . 6  ± . 06 3 . 6  + . 06 
Backfat , mm 
. 40bc . 40b . 40bc 2/15/8 5 2 . 6  ± 3 . 1  ± 2 . 4  + 
3/12/85 2 . 8  ± . 40b 2 . 3  ± , 40b 2 . 7  + . 40b 5/7/85 1 . 9  ± . 20 1 . 4 ± . 19 c 1 . 5 ± . 18 c 
6/5/8 5 1 . 6  ± . 19 1 . 4  ± . 19 1 . 3 ± . 19 
7/2/85 2 . 3  ± . 20 2 . 2  ± . 20 1 . 9  ± . 19 
Cal f  gain , kg/d 
calving - 5/7/85 . 97± . OS . 90± . 05 . 99±- . 05 
5 /7/8 5 - 7/2/85 1 . 09± . 04 1 . 11± . 03 1 . 09±- . 03 
7/2/85 - 10/18/85 1 . 21± . 03 1 . 18± . 03 1 .  21± . 03 
Adj usted _ 205 calf we ight , kg ' 27 0±5 . 8  266±:5 . 6  271±5 . 7 
Percent cycl ing 
5/7/8 5 3 3b 37 10 6/5/85  7 5  56 be 33 c 
7/2/85  100 100 90 
Perc ent pregnant Fal l , 1 9 8 5  100 100 90 
Mean calving date , 19 8 5  Mar 2�3 Mar ��3 Mar 2 8+3 c-Mean calving date , 1986 Mar �7 +3 Apr � z3 Apr 7 .;r3 
Calving interval , d ,  198 5 - 86 362 c±3 368  c:t3 372c.;r3 
a 
Me ns + SE . . b , c , a  
Me;ns within a row with uncommon sup erscripts differ ( P< . OS ) . 
Low 
1 9  
47 5z9 
.. 19+3
d 
24+2c 
- 79+4 - c 29!5d 
- 7 6+5 
20isc 
5 . 4 t . 19 
4 . 7  t . 23 c  
5 . 0  t . 25 
4 . 2  !' . 22c 
4 . 9  t . 19 
5 . 7  t . 18 
3 . 7 + . 06d 
3 . 5  + . 06 
3 . 7  + . 06 
3 . 1  + . 05 c  
3 . 3  + . 06 
3 . 6  ! . 06 
1 . 7 + . 40c 
1 . 8 + . 40 
1 . 2 ± . 17c 
1 . 2 ± . 18 
1 . 9 ± . 19 
. 96± . OS 
1 . 14± . 04 
1 . 17± . 03 
268±5 . 3  
26 
3 5
c 
95 
100 
Mar 30+3 
c-
Apr 8 +4 
373c!4 
4 1  
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TABLE 6 .  EFFECT OF 1986 EARLY AND UTE W'INTER. l'REA'IMENTS 
ON COTJ AND CALF PERFORMANCE-a 
Early winter treacment 
( 12/9/8 5 - 2/7/86) High 
Late winter treatment 
(calving- 5/9/86 )  High Lov High 
No . Covs 2S 23  22  
Initial veight , kg  12/9/SS 468!7 476±8 460±8 
Yei ght change , kg 
1 3!3: 15;±3: - l 8+3c 12/9/8 5 - 2/7/86 
2:;3c 2/7/86 - 3/7/86 - 10+3 - 8+3 
3/7/8 6 - 5/9/86 - 59+4b - s2±44 -48;.c 
5/9/86 - 6/5/86 54t3b 57+3 5 5t3b 12/9/8 5 - 5/9/86 -55:t4b - 75
:;4ed - 6 5+4 e 
12/9/85 - 10/10/86 51±4 51±4b 45;b 
Condition score b . lSbc 12/9/85 5 . 7  + 5 . 3  + c 5 . 6  + 
2/7/86 5 . 6  + 
. 14b s . s  ; .
14b 4 . 8  ; c . 16b . 17b . 17cd 3/7/86 S . S  ; . l5b 5 . 1  ; . 16 e 4 . 9 ; . l6b 5/9/86 4 . 5 ; . 15b 3 . 6  ± . 15e .4 . 1  t . 16b 6/5/86 5 . 3 ; . 14b 4 . 6  ± . lSe 5 . 1  + . 15b 7/2/86 5 . 6  ± . 14 5 . 2  ± . lSe 5 . 6  t . 15 
Ye ightfheight ratio , kg/em 1 2/9/85 3 . 7  ± . osb 3 . 7  ± . osb 3 . 7  = . 05 2/7/86 3 . 8  ± . osb 3 . 8  ± . osb 3 . 5  ± . 05
c 
3/7/86 3 . 7  ± . 04b 3 . 7  ± . 04c 3 . 5  ± . 04
c 
e 5/9/86 3 . 3  ± . o5b 3 . 1  ± . o5b 3 . 1  ± . o5b 6/5/86 3 . 7  ± . o5b 3 . 6  ± . 05be 
3 . 6  ± . 05 
7/2/86 3 . 7  ± . OS 3 . 6  ± . 05 3 . 5  ± . 05e 
Backfat , mm 
12/9/85 1 . 4 ±  . lab 0 . 9  ± . 18 . 1 . 2 ! . 19 2/7/86 1 . 2 ± . 14 0 . 8  ± . 14e 0 . 8  ± . l5c 
3 /7/86 0 . 8  t . o8b 0 . 6  ± . 09d 0 . 5  ± . 09 5/9/86 0 . 3  :t . 05b 0 . 0  ± . 05 0 . 2  ± . 05
c 
. 09c c 6/5/86 0 . 7  :t . 09b 0 . 4  ± 0 . 5  ± . 09b 1/2/86 0 . 9  :t . 08 0 . 5  ± . 09e 0. 7 ± . 09 e 
Calf gain , kg/d 
. o5b . o5d . 05c ealving- 5/9/86 . 97± . 6 3± . 8 3± 5/9/86 - 7/2/86 1 . 15± . 04 1 . 22± . 04 1 . 17± . 04 
7/2/86 - 9/26/86 1 . 2 7± . 0� . 1 . 3 2+ . 03 1 . 25+ . 03 
Adj usted 205 calf weight,  kg 280±5 . 0  275t5 . 0c 2 72t5 . 0c 
Serum d- 8-hydroxybutyrate , mg/dl 
3/7/86 4 . 5  t . 35b 4 . 0  't . 36 4 .  7 t . 36b 5/9/86 2 . 8  :t . 16 2 . 2  :!: . l6c 2 . 8 ! . 17 
Serum urea_ nitrogen, mg/d1 
3/7/86 1 1 . 9  ± . 46 12 . 0  ! . 48 12 . 1 ! . 49 
5/9/86 16 . 9  ! . 43b 13 . 1 ! . 45e 16 . 2  ! . 45b 
Percent cycling 
5/9/86 20b 13 9 6/5/86 56b 48
bc sob 
7/2/86 80 6 lbc 77be 
Percent pregnant Fal l ,  1986 92 96 95  
Mean calving date , 1986 Apr 6!2 Mar ��±2 Mar 3g!2 Mean calving date , 1987 Apr � ±3 Apr � ±3 Mar �8 ±3 Calving interval , d ,  1986 - 87 3 6 7  c;t3 . 369  c:t3 3 6 2  ±.3 
a 
b Means ± SE . , c , Means within a row wi th uncommon superscripts differ ( P< . OS ) . 
Low 
Low 
24 
460±8 
- l8+3e - e 3±3d - 72±4 
51±3d - 87+4 
. 32±4c 
14be 5 . 4 + 
4 . 3  ; 
. d . 16d 4 . 6  + . 16 d 2 . 9  + . 15d 4 . 1  ; . 14d 4 . 8 ! . 14 
3 . 6 ! . 05
e 3 . 5  :! . osc 3 .  5 ! · . 04d 2 .  9 + . 05 - c 3 . 3  ± . o5d 3 . 4 ± . 05 
1 . 0 + . 18 
0 . 6  :; . 14c 
0 . 6  :;: . o8d 0 . 0  :;: . o5d 0 . 2  :;: . 07 
0 . 5  ! . 08c 
. 50! . osd 
1 . 09+ . 04 
1 . 29! . oa 
257!5 . 0  
4 . 4  + . 36d 1 . 6 £ . 16 
12 . 8  + . 48 
14 . 2  ± . 44c 
4 
25c 
54c 
100 
Mar 3�2 
Apr 6 ±2 
3 72c;t2 
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TABLE 7 .  EFFECT OF 1987 EARLY AND lATE \liNTER. TREATMENTS · 
ON COY AND CAl.F PERFORMANCEa 
Early winter treatment 
(12/5/86 - 2/13/87)  High Low 
Late winter treatment 
(calving- 5/8/87) 
No . Cows 
Initial we ight , kg 12/5/86 
Weight change , kg 
12/5/86 - 2/13/87 
2/13/86 - 3/6/87 
3/6/8 7 - 5/8/87 
5/8/87 - 6/5/87 
12/5/86 - 5/8/87 
Condition score 
12/5/86 
2/13/87 
3/6/87 
5/8/87 
6/5/87 
7/1/87 
Weight/height ratio , kg/em 
12/5/86 
2/13/87 
3/6/87 
5/8/87 
6/5/87 
7/1/87 
Calf birth weight , kg 
Calf gain , kg 
calving- 5/8/87 
5/8/87 - 7/1/87 
Serum d- B -hydroxybutyrate , mg/dl 
3/7/87 
5/8/87 
Serum urea nitrogen , mg/dl 
3/7/87 
5/8/87 
Percent cyc1ing -
5/8/87 
6/5/87 
7/1/87 
Mean calving date , 1987 
a 
High 
25 
515±9 
32;!:3� 
- 5+2 
- 106i'+� 
28±3b - 79±5 
6 . 2  ± . 16b 6 .  3 .t . 14b 6 .  2 .t . 15b 4 . 8 + . 17b 5 . 0  + . 15b 5 . 6  � . 13 
4 . 0  + . 06b 4 . 3  ±. . 06b 4 . 2  t. . 06b 3 . 4  + . o5b 3 . 6  .; . o5b 3 . 8  ± . 05 
39 . 9  :_1 . 0  
1 . 03:!: ·. o4� 
1 . 21:!,: . 03 
3 . 8  + . 64b 3 . 1 ! . 36 
9 . 3  + b . 77b 16 . 6  � . 72 c 
3� 72b 96 
Mar 29.:t3 
Low High 
24 21  
516;!:9 515;t10 
34;t3� - 23+3c 
- 8+2 14f2� 
- 141+4c - 90+4b 39+3c 34+4 c 
- 11s+5c - 99!s
d 
6 . 4  :t . 16b 6 . 2  + . 17 6 . 4  :t . 14b 5 . 2  + . 15
c 
5 . 3  :; c 6 . 0  + . 15 . . 16b 3 . 6  + . 17c 4 . 5  + . 19bc 4 . 3  + . 15c 4 . 4  + . 16b 5 . 1  ! . 14c 5 . 2  + . 15 c 
4 . 0  + . 06b 4 . 0  ± . 06 4 . 3  ; . 06b 3 . 9  + . 06
c 
4 . 2  :; 4 . 0  :; c . 06 . 06bc 3 . 1  :; . 05c 3 . 3  + . 06bc 3 . 4 + . 0 5c 3 . 5  + . 06b 3 . 7  + . 05c 3 . 8  ! . 06 c 
41 . 8  +1 . 0  40 . 7  +1 . 0  -
. 57+ . 04c . 94+ b . 04b 1 . 1� . 03c 1 . 17+ . 03 c 
4 . 9  + . 64 5 . 2  + . 69b 4 . 9  � . 36c 2 . 6  ± . 39 
9 . 2 + 
15 . 4  ± 
b . 77b . 10 . 6  ± . 72 17 . 8  ± 
. 83bc 
. 78c 
17bc 24b 
42c 6 2b 
96b 95b 
Mar 3lz3 Apr 2±3 
b �ean� ± SE. 
' • • Means within a row with uncommon superscripts differ ( P< . 05 ) . 
Low 
24 
507+9 
- 35+3d 
19+2c -: e - 120+4 
38+3c - e - 134!5 
6 . 3  + . 16 
. 5 . 1  + . 14c 
5 . 2  :; c . 15d 2 . 5  + . 17d 3 . 4 + . 15d 4 . 6  + . 14 
4 . 0  + . 06 
3 . 8  + . 06c 
3 . 9  + c . 06d 3 . 0 + . osd 3 . 3  + . osd 3 . 5  + . OS  
40 . 6  +1 . 0  
. 44+ . 04d 
1 . 09+ . 03c 
5 .  7 + · . 64b 3 . 6  + . 36 
11 . 5  ± . 77c 
17 . 7  ± . 72c 
4c 
12 . 5d 
62 . 5c 
Apr 2±3 
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w e i gh t s  w e r e  s i m i l a r ac r o s s  t r ea tmen t s . U r e a  n i t r o g e n  
l e ve l s  w e r e  h i gh e r ( P < . 0 5 )  f o r  c ow s  on l ow e n e r g y  l e v e l s  
p r epar tum . W i th i n  l a t e  w i n t e r  t r eatment BHB l eve l s . we r e  
l o we r ( P < . 0 5 )  and u r e a  n i t r o g e n  l ev e l s  we r e  h i g h e r  ( P < . 0 5 ) 
f o r  c ows on l ow ene r g y  l e v e l s  p r e par tum t h an c ows on h i g h 
e n e r g y  l eve l s  pr i o r  t o  c a l v i ng . 
Pa r t i a l c o r r e l a t i o n c o e f f i c i e n t s  c o r r e c t e d  f o r  y e a r  
be t w e e n  c o nd i t i o n s c o r e  a n d  w e i gh t  t o  h e i g h t  rat i o  w e r e  . 6 7 
and . 6 9 i n  Ma rch and May , r e s p e c t i ve l y  . ( tab l e  8 and 9 ) . 
C o r r ec t i n g f o r  c a l v i ng da t e  i n  Mar c h  and fo r l at e  w i n t e r  
t r e a t m e n t  i n  May d i d  no t i mp r o v e  c o r r e l a t i o n s . C o nd i t i o n  
s c o r e  was mode r a t e l y  c o r r e l a t e d  w i th l i v e  we i gh t  ( r  = . 6 2 
and . 5 8 i n  Ma rch and Ma y r e s pe c t i v e l y ) w i th a c ow i n  
ave rag e c o nd i t i on ( c ond i t i o n  s c o r e  = 5 )  we i g h i ng 4 5 5  k g  i n  
Ma r c h  and 4 7 1  k g  i n  May . L o w e r r e l a t i o n s h i p s  we re obs e r ve d  
b e twe e n  bac k f a t  and we i gh t  t o  h e i gh t  rat i o  o r  l i ve we i gh t . 
Par t i a l  c o r r e l a t i o n c o e f f i c i en t  i n  March be tween we i g h t  t o  
h e i gh t  rat i o  and bac k f a t  w a s  . 4 6 and dr o pped t o  . 3 7 i n  May 
when cow body c ond i t i o n d e c r e a s e d  and a h i gh p e r c e n t ag e  o f  
c o w  bac k f a t  me a s u r emen t s  we r e  a t  o r  near 0 . 0  e m . Wh i tman 
( 1 9 7 5 ) r e p o r ted c o r r e l a t i o n c o e f f i c i en t s  b e tween we i gh t  t o  
h e i g h t  r a t i o  and bac k f a t  o f  . 5 0 a n d  . 7 1 f o r  c ows w i th 3 t o  
5 t i me s the average mea s u r ab l e  bac k f a t  a s  repo r t ed i n  t h i s  
s t udy . 
Means f o r  we i g h t  t o  h e i gh t  ra t i o , l i v e we i g h t , 
h e i gh t  and back f a t  by c o nd i t i o n  s c o r e  are repo r t ed f o r  
BF 
WHR 
LW 
HPHT 
TABLE 8 .  PARTIAL CORRElATION COEFFICIENTS CORRECTED FOR 
YEAR BETWEEN CONDITION SCORE , BACKFAT , WEIGHT TO 
HEIGHT RATIO ,  LIVE WIGHT AND HIP HEIGHT IN MARC,Ha 
cs BF 
. 59*** 
. 69*** . 46*** 
. 62*** . 42*** 
. 13+ . 10 
. 97*** 
. 44*** · 
LW 
. 65*** 
a CS - Condition score ; BF - backfa t ; WHR - wt to he ight ratio ; · 
LW - live wt ; HPHT - hip he ight . 
+ (P< . 10 ) . 
*** (P< .  001 ) . 
BF 
WHR 
LW 
HPHT 
TABLE 9 .  PARTIAL CORRELATION COEFFICIENTS CORRECTED FOR 
YEAR BETWEEN CONDITION SCORE , BACKFAT , WEIGHT TO 
HEIGHT RATIO , LIVE WEIGHT AND HIP HEIGHT IN MAYa 
cs 
. 62*** 
. 67*** 
. 58*** 
- . 01 
BF 
. 37*** 
. 35*** 
. 11 
. 97*** 
. 40*** 
L'W 
. 60*** 
a 
CS - Condition score ; BF - backfat ; WHR - wt to height rati o ; 
LW - live wt ; HPHT - hip height . 
*** ( P< . OOl ) . 
4 5  
Condition 
score (n) 
3 10 
4 46 
5 146 
6 70 
7 27 
8 5 
TABLE 10 . MF.AN8 UVE ANIMAL MEASpaEMENTS 
TAKEN IN MARCH BY CONDITION SCORE 
Weight to Live 
height weight , Height, 
ratio , kg/em . kg em (n) 
3 . 34+ . 42 426±57 128±3 . 5  10 
3 . 44+ . 29 .438±47 127+4 . 4  37 
3 . 73+ . 34 474+47 127+5 . 6  91 
4 . 15+ . 26 531+41 128+3 . 5  33 
4 . 34+ . 31 561*58 129+5 . 5  14 
4 . 62± . 38 596±60 129!5 . 4  4 
a Means followed by standard deviations . 
TABLE 11 . MF.ANa LIVE ANIMAL MEASUREMENTS 
TAKEN IN MAY BY CONDITION SCORE 
Weight to Live 
Condition height weight , Height , 
score (n) ratio , kg/em kg Cll (n) 
1 7 2 . 66+ . 52 338±72 128±5 . 1  2 
2 31 2 . 89+ . 19 365+27 126±3 . 9  11 
3 70 3 . oo+ . 2s 384�0 128;±4 . 5  51 
4 98 3 . 15+ . 27 402±43 127;±4 . 2  66 
5 82 3 . 43+ . 43 437+53 128+6 . 4  52 
6 14 3 . 51+ . 23 447+30 127+3 . 3  10 
7 8 3 . 66+ . 26 471±40 129±3 . 7 7 
a Means followed by standard deviations • .  
Condition 
score (n) 
2 6 
3 32 
4 106 
5 130 
6 30 
7 9 
TABLE 12 . MEAN8 LIVE ANIMAL MEASUREMENTS 
TAKEN IN JUNE BY CONDITION SCORE 
Weight to Live 
height weight , Height , 
ratio , kg/em kg em (n) 
3 . 02+ . 28 388+46 128+4 . 0  0 
3 . 20+ . 25 409+34 128+4 . 0  15 
3 . 36+ . 29 429+48 128+4 . 4  55  
3 . 54+ . 33  452+51 127+4 . 4  9 8  
4 . 04+ . 53 510+54 127+8 . 9  22 
4 . 02+ . 13 516+24 128+3 . 8  7 
a Means followed by standard deviations . 
4 6  
Backfat , 
DIID 
. 41+ . 36 
. sa+ . 43 
t . oo+ . 96 
1 . 17+1 . 20 
2. 82+1 . 60 
6 .  35!1 . 21 
Backfat , 
mm 
. 00± . 00 
. 00± . 00 
. 18± . 35 
. 50± . 62 
1 . 17:!: . 85 
1 .  83+ . 64 
3 . 07t . 86 
Backfat , 
mm 
. 18+ . 37 
. s a+ . 50 
. 8 7� . 6 3 
1 . 30+ . 84 
2 . 57+1 . 19 
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Ma r c h , May and June i n  t ab l e s  1 0 , i l · and 1 2 . I n  g en e r a l  
a l l v a r i ab l e s  e x c e p t  h e i g h t  i nc re a s ed as c o nd i t o n  s c o r e 
i nc r ea s ed . C ow h e i gh t  was s i m i l a r  ac r o s s  a w i de rang e o f  
c o nd i t o n s c o r e s  i nd i ca t i ng t h a t  c on d i t i o n s c o r e s  c an be 
a s s e s s ed w i th e qu a l  v a l ue o v e r a r a n g e  of c ow f r ame s c o r e s . 
Du r i n g  t h e  p e r i o ds f r om F eb ruary t o  Mar c h  and 
f r om May to June wh e n  mo s t  c o w s  e i t h e r  ma i n ta i ne d  o r  
g a i n e d  body c ondi t i o n , we i gh t  c h an g e  and c ond i t i o n s c o r e  
c h an g e  we r e  c o r r e l a t ed ( r  = . 2 6 and . 2 8 ,  r e s p e c t i ve l y ) . 
A we i gh t  chan g e  o f  8 0  k g  i nc l ud i n g  we i gh t . i nc r e a s e s  due 
t o  f e t a l  deve l opm e n t  we r e  o b s e rved fo r each c ond i t i on s c o r e  
i nc r e a s e  f r om Februa r y  t o  Ma r c h . F r om May to June a 6 5  k g  
we i g h t  i nc r ea s e w a s  a s s oc i a t ed w i t h each c o nd i t i on s c o r e  
i nc r e a s e . A l owe r v a l ue o f  3 8  k g / c o nd i t i o n s c o r e  wa s 
r e po r t ed by Wagne r  ( 1 9 8 5 ) w o r k i ng w i th a un i f o rm g r oup o f  
He r e f o rd cows . Th i s  dat a  wou l d  i nd i c a t e  that l a r g e r  f r amed 
c a t t l e  have a l a r g e r  we i gh t  c h a n g e  for e ach condi t i o n s c o r e  
c hang e . 
R e g r e s s i on e qua t i o n s  u s i ng c o nd i t i o n s c o r e , we i g h t  
t o  h e i gh t  rat i o  and bac k fa t t o  p r ed i c t  p e r c e ntag e s  o f  c ow s  
c yc l i ng i n  e a r l y  May , J u n e  a n d  J u l y  a r e  repo r t e d  i n - tab l e s  
1 3 , 1 4  and 1 5 . C ow b ody c o nd i t i on meas u r em e n t s  i n  Ma r c h , May 
and June w e re u s ed and c ow s  we r e  g r ouped acc o rd i ng to t h o s e  
t h a t  w e r e  � 6 0  d po s tpa r t u m  ( l a t e  c a l v i ng c ows ) and t h o s e  > 
6 0  d p o s tpartum ( ea r l y  c a l v i n g c o w s ) at the b e g i nn i n g o f  
t h e  b r e ed i ng s e a s o n . C o n d i t i o n s c o r e c o n s i s t an t l y  
p r ed i c t ed p e r c e ntage o f  c ow s  c yc l i ng · i n  Ju l y  w i t h t h e  
e x c e p t i on o f  J u n e  c ond i t i o n s c o r e  f o r  c ow s  i 6 0  d 
p o s tpar tum . A g r eat e r  ( P < . 0 5 )  p e r c e n t a g e  o f  c ow s  wi th 
h i g h e r  c o nd i t i on s c o r e s  i n  e i t h e r  Ma rch , May o r  June we r e  
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c yc l i ng i n  J u l y . An i n t e rac t i o n be tween c o nd i t i on s c o r e i n  
Ma rch and c o nd i t i o n s c o r e  i n  May and June f o r  pe r c e n t a g e  o f  
c ows c yc l i ng i n  J u l y wa s o b s e r v e d . F o r  a g i v en c ondi t i on 
s c o r e  i n  May o r  Jun e a m o r e  p o s i t i v e  r e s p o n s e  i n  t h e  
p e r c e n t age o f  c ows c yc l i ng i n  Ju l y  wa s - ob s e rved f o r  c ow s  i n  
t h i n  c ond i t i on ( c o nd i t i o n s c o r e  � 4 )  at c a l v i ng th an c ow s  
i n  ave rag e o r  g o od c o n d i t i on ( c o nd i t i o n s c o r e = 5 and �6 , 
r e s pec t i v e l y ) .  We i g h t  t o  h e i g h t  rat i o  e qua t i on s  d i d  n o t  
r e l i ab l y  p r e d i c t  the pe r c e n t a g e s  o f  c ows c yc l i ng i n  e i th e r  
May , Jun e o r  Ju l y  ( P > . 1 0 ) . B ac k f a t  p r ed i c t i on e qua t i o n s  
u s ed t o  i nn i c a t e  t h e  pe r c e n t ag e  o f  c ows c yc l i ng i n  Ma r c h , 
May and June we r e  e r r a t i c . P e r c e n t a g e s  o f  c ows cyc l i n g i n  
May o r  June we r e  g e n e ra l l y  i nc r e a s ed f o r  c ows w i t h h i g h e r  
back f a t  m e a s ur emen t s  i n  e i t h e r  March , May o r  June . 
P e r c e n t age o f  c ow s  c yc l i ng i n  Ma y ,  June and Ju l y  
f o r  g i ven l ev e l s  o f  c o w  b o d y  c on d i t i o n a r e  repo r t ed i n  
t ab l e s  1 7 , 1 8  and 1 9 . R e g a rd l e s s  o f  wh i ch body co nd i t i o n 
me a s u r ement was u s e d  t h e r e  w e r e  n o  di f f e r enc e s  i n  t h e  
p e r c e ntage o f  c ows c yc l i ng i n  M a y  f o r  l a t e  ca l v i ng c ow s  ( �  
6 0  d p o s tpar tum by t h e  s ta r t  o f  t h e  b r e e d i ng s e a s o n ) .  A s  a 
g r o up v e r y  few o f  the l a t e  c a l v i ng c ows we r e  cyc l i ng i n  
May . Th e re l a t i on s h i p  b e t w e e n  c o nd i t i on s c o r e  and . 
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cyc l i c i t y was mo r e  c o n s i s t an t  t h an b e tw e e n  back fat o r  
we i g h t  t o  he i g h t  rat i o  and p e r c e n tag e o f  c ow s  cyc l i ng i n  
Ma y , June and Ju l y . An i nc r e a s e  ( P < . 0 5 )  i n  the p e r c e n t a g e  
o f  e ar l y  ca l v i ng c ows c yc l i ng b y  t h e  be g i nn i ng o f  t h e  
b r e e d i ng s ea s o n  w a s  s e e n  f o r  c o w s  i n  c o n d i t i o n s c o r e  6 o r  
> 7  i n  March and 5 o r  > 6  i n  May . T h e  pe r c entage o f  e a r l y  
c a l v i ng c ows cyc l i ng i n  J u n e  i nc r e a s ed ( P < . 0 5 ) w i t h each 
o n e  un i t  i nc r e a s e  in June c o nd i t i o n s c o r e . Th i n  e a r l y  
c a l v i ng c ows ( c o nd i t i on s c o r e  �4 i n  Ma rch , � 3 i n  May and 
J un e ) had dep r e s s ed ( P < . 0 5 )  pe r c en t a g e s  c yc l i ng on each 
da t e  c yc l i c i t y was mea s u r ed . I t  appeared tha t l a t e  c a l v i ng 
c ow s  h ad t o  be i n  g r e a t e r  body c o n d i t i o n ( c o nd i t i on s c o r e 
> 7  i n  Ma rch and �6 i n  June ) t h an e a r l y  c a l v i ng cows t o  
i nc r e a s e  the pe r c e n t a g e  o f  c ow s  c yc l i ng i n  June . T h e  
pe r c e n tage o f  th i n , l a t e  c a l v i ng c ow s  ( c o nd i t i o n s c o r e < 4  
i n  March and �3 i n  May and J u n e ) c yc l i ng by J u l y  was < 
5 7 % . T h e  e f f ec t s  o f  bac k f a t  and we i gh t  t o  h e i gh t  rat i o  o n  
c yc l i c i t y fo l l owed s i m i l ar t r ends as c ond i t i o n s c o r e w i th 
l e s s e r  deg ree s o f  c o n s i s tanc y . 
Re gr e s s i o n e qu a t i o n s  u s i n g c o nd i t i on s c o r e , we i gh t  
t o  h e i g h t  rat i o  and back f a t  t o  i nd i c a t e  c a l v i ng i n t e r v a l  
f o r  l a t e  a n d  ear l y  c a l v i ng c o w s  a r e  repo r t e d  i n  t ab l e  1 2 . 
N o  i n t e rac t i ons be twe e n  body c o nd i t i o n i n  Ma rch and May o r  
June we re obse rv ed f o r  l e n g t h  o f  c a l v i n g i n t e rva l 
r e g a r d l e s s  o f  h ow body c o nd i t i on was meas u r ed . C o nd i t i o n 
s c o r e and bac k f a t  e qua t i o n s  c o u l d  n o t  be u s ed to r e l i ab l y  
TABLE 1 3 . COEFFICIENTSa FOR MULTI PLE REGRESS ION ANALYSI S  USED TO 
PREDICT PROBABILITY OF CYCLICITY BY CONDITION SCORE 
AND DAY POSTPARTUM AT THE START OF THE BREEDING SEASON 
Item 2 Intercept B1 ( Condition score)  B2 ( Condi tion score ) 
March condition score , < 60 d postp artum 
May . 3 31+ . 654- . 1543+ . 2 3 3 8  
June - . 92 5+1 . 454 . 2203+ . 5 1 9 6  
July - 2 . 495+1 . 25 2  . 96 5 3± . 4473* 
March condi tion score , > 60 d postpartum 
May - . 923± . 7 2 1  . 2584� .  2 5 6 0  · 
June - . 445+ . 86 9  . 1540+ . 3081 
July - . 606± . 614 . 4496± . 21 80* 
May condi tion score , < 60 d postpartum 
May . 244� . 178 - . 09 6 3+ . 0932  
June - . 175+ . 403 . 08 12+ . 2 1 2 6  
July - . 565f . 329 . 5485+ . 1727** 
May condition score , > 60 d postpartum 
May . 370+ . 2 50 . 19 9 2+ . 1230 
June . 182+ . 2 89 . 2034+ . 1427 
July . 110+ . 204 . 3508+ . 1003*** 
June condi tion score , � 60 d pos tpartum 
May - . 068+ . 3 14 . 05 5 0+ . 1 346 
June - . 243+ . 697  . 07 3 8+ . 2 9 9 3  
July - . 666+ . 5 90 . 4438+ . 2 5 3 3+ 
June condition score , > 60 d postpartum 
May . 294+ . 461  . 0820+ . 2015  
June . 5os+ . 5 3 8  . 2525+ . 2 3 5 1  
July . 616+ . 3 77  . 5891+ . 1650*** 
a Coeffic ients I S E .  
+ P< . l . 
* P< . OS . 
** P< . 01 . 
***P< . OO l . 
- . 01555+ . 02087 
- . 00172'+ . 04640 
- . 06833+ . 03994+ 
- . 009 36+ . 02262 
. 00307+ . 02718 
- . 03133� . 01926 
. 01004+ . 01167 
. 00616+ . 0268 1  
- . 04989+. 02163* 
- . 00856+ . 01451 
- . 00247+ . 01685  
- . 03 263+ . 01184** -
- . 00684+ . 01437 
. 00969+ . 0 3 196  
- . 02612+ . 02704 
. 00933+ . 02147 
- . 00214+ . 02505 
- . 05154+ . 01758** 
. 01 
. 15 
. 29 
. 15 
. 13 
. 18 
. 02 
. 12 
. 34 
. 15 
. 17 
. 20 
. 01 
. 12 
. 30 
. 16 
. 18 
. 22 
. so  
TABLE 14 . COEFFICIENTS FOR MULTIPLE REGRESSION ANALYSIS 
USED TO DETERMINE PROBABILITY OF CYCLICITY 
BY WEIGHT TO HEIGHT RATIO AND DAY POSTPARTUM AT THE START OF 
THE . BREEDING SEASONa 
B1 (Weight to height ratio , 
B2 (Weight t2 height ratio , 
Item Intercept kg/em) kg/em) 
March we ight to height ratio , 5 60 d postpartum 
May - 2 .  308+1 . 787 1 . 263+ . 939  - . 1624+ . 1225 
June . 568±4 . 260 - . 339+2 . 237  . 0656+ . 2916 
July - 3 . 186±3 . 586 1 .  604!1 . 884 - . 1561± . 2458 
March weight to height ratio , > 60 d postpartum 
May - 3 . 544+2 . 036 1 .  579+1 . 035 - . 1593+ . 1313 
June - 3 . 511+2 . 347 1 . 464+1 . 19 2  - . 1155± . 1511 
July - . 888�1 . 758  . 757+ . 893  .. .  0781± . 1133 
May weight to height ratio , � 60 d postpartum 
. 0281+ . 1351 May . 454+1 . 358  - . 223+ . 860 
June 1 . 604+3 . 156  - 1 . 146+1 . 999  . 22 17+ . 3139 
July - 3 . 101±2 . 634 1 . 933+1 . 668 - . 2279+ . 2622 -
May weight to height ratio , > 60 d postpartum 
May - 1 . 132+2 . 25 5  . 179+1 . 408 . 0031+ . 2188 
June - 2 . 930+2 . 59 1  1 .  526+1 . 618 - . 1374+ . 2512 
July - 2 .  292+1 . 903 1 . 816+1 . 188  - . 2 529± . 1846 
June weight to height ratio , � 60 d postpartum 
May . 512+1 . 394 - . 263+ . 79 6  . 0375± . 1133 
June 2 . 607+3 . 29 8  - 1 . 604+1 . 878  . 2654± . 2667 
July - 1 .  526+2 . 741 . 841+1 . 565 . 0531± . 2229 
June weight to height ratio , > 60 d postpartum 
May - 3 . 449±2 . 25 1  1 . 710+1 . 282  - . 1842± . 1818 
June - 2 . 975+2 . 543 . 699+1 . 448 - .  0687+ . 2054 
July - . 670±1 .  895  1 . 361f.l . 079  . 0999=i- . 1531 
a Coefficients ± SE . 
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TABLE 15 . COEFFICIENTS FOR MULTIPLE REGRESSION ANALYSIS USED TO 
DETERMINE PROBABILITY OF CYCLICITY BY BACKFAT AND DAY 
POSTPARTUM AT THE START OF THE BREEDING SEASON4 
Item Intercept B1 (backfat , mm )  
March backfat , � 60 d postpartum 
May . 027+ . 051 1.  000± 5 .  6 6 1  
June . 148t . l22 11 . 3 5 5±13 . 7 8 2  
July . 519± . 101 16 . 910±11 . 2 14 
March backfat , > 60 d postpartum 
May - . 079± . 070 45 . 3 85±10 . 5 13*** 
June . 242± . . 088 46 . 8 17±13 . 3 90*** 
July . 590± . 070 20 . 267±10 . 55 7+ 
May backfat , � 60 d postpartum 
May . 022± . 042 4 . 744±12 . 09 6  
June . 088± . 096 72 . 999±27 . 79 8* 
July . 543± . 08 3  44 . 359±23 . 816+ 
May backfat , > 60 d postpartum 
May . 115+ . 049 3 9 . 153±13 . 89 2* 
June . 435+ . 057 5 1 . 450±16 . 084** 
July . 680! . 046 14 . 710±12 . 83 6  
June backfat ,  � 6 0  d postpartum 
May - . 002+ . 05 5  1 1 .  205±12 . 9 8 8  
June . o8o+ . 119 29 . 326±2 8 . 3 14 
July . 490+ . 108 38 . 9 3 3±25 . 61 5  
June backfat , > 6 0  d pos tpartum 
May . 030+ . 064 
June . 3 5o+ . o79  
July . 660t . 06 1  
a Coefficients ± SE .  
+ ( P< . lO ) . 
* ( P< . OS ) . 
** ( P< . 01 ) . 
*** ( P< . 001) . 
28 . 898+12 . 5 16* 
33 . 750+15 . 424* 
11 . 261+11 . 95 8  
. 2 B2 (backfat , mm) R
2 
13 . 947± 80 . 206 . 00 
22 . 6 96± 190 . 6 97  . 07 
- 184 . 688± 158 . 8 96 . 20 
- 611 . 240± 160 . 26 2*** . 20 
- 510 . 614± 200 . 909* . 15 
- 255 . 056± 160 . 93 8  . 14 
15 . 848± 430 . 843 . 01 
- 2219 . 377± 990 . 542* . 14 
- 11 9 7 . 507± 848 � 31 3  . 22 
- 708 . 880+ 360 . 340+ . 13 
- 686 . 984+ 417 . 52 1  . 15 
- 288 . 596! 332 . 962 . 13 
- 401 . 007+ 509 . 401 . 01 
134 . 680+1108 . 68 8  . 18 
- 1010 . 16 1±1004 . 59 3  . 2 1 
- 168 . 804+ 337 . 490 . 19 
- 258 . 9 5 9+ 415 . 9 3 1  . 12 
- 163 . 164+ 322 . 447 . 12 
. 5 2 
TABLE 16 . COEFFICIENTS FOR MULTIPLE REGRESSION ANALYSI S  USED 
TO PREDICT CALVING INTERVAL BY COW. BODY CONDITION MEASUREMENTS 
AND DAY POSTPARTUM AT THE START OF THE BREEDING S EASONa 
I tem Intercept B1 ( 1inear) B2 ( quadratic ) 
gon�i.ti.on �cQ;:e 
March , �60 d postpartum 466± 5 9  - 3 7 . 44± 22 . 62 2 . 98.;t 1 .  9 2  
March , 60 d pos tpartum 388± 30 3 . 3 1± 10 . 96 0 . 00± . 9 9 
< 399± 2 7  1 6 . 8 1+ 12 . 84 1 . 37+ May , ;60 d pos tpartum - 1 . 47 
May , 60 d pos tpartum 373± 1 3  1 . 93!, 6 . 42 0 . 6 1± . 72 
< d postpartum 403± 40 15 . 65+ 16 . 55 1 . 19± 1 . 67 June , ;60 -
June , 60 d postpartum 417± 30 - 15 . 42± 12 . 45 1 . 2 1± 1 .  26 
B!�lst:i.t< March , >60 d pos tpartum 3 54± 5 1 5 . 57+ 50 . 62 - 48 . 11+ 71 . 61 
March , 60 d pos tpartum 373+ 3 - 23 . 99! 40 . 55 - 29 . 46± 6 1 . 69 
< 3 57+ 4 - 6 3 . 20+109 . 84 - 20 . 10+ 38 . 58 May , 560 d postpartum May , 60 d postpartum 372+ 2 1 8 . 62+ 5 3 . 94 - 127 . 14±138 . 73 
< 365+ 5 - 29 7 . 04+112 . 99* 1060 . 73+43 9 . 19* June , 560 d postpartum 
June , 60 d postpartum 375± 3 - 9 9 . 82+ 49 . 6 1 133 . 50�134 . 70 
Wei&ht �2 b�i.:ht :tilti2 
March , >60  d pos tpartum 8 94+23 1  - 28 7 . 84+1 2 2 . 54* 38 . 10+ 16 . 20* 
March , 60 d pos tpartum 269±102 5 6 . 77± 53 . 81 7 . 8 1+ 7 . 05 
< 845±183 - 29 8 . 5 1+113 . 10* 44 . 97+ 17 . 3 7* May , >60 d postpartum May , 60 d pos tpartum 508±101 - 80 . 42± 63 . 69 11 . 5 5+ 9 . 98 
J une , �60 d pos tpartum 721+149 - 202 . 79+ 8 3 . 48* 27 . 83+ 11 . 64* 
June , >60 d postpartum 641± 93 - 14 5 . 90+ 53 . 03** 19 . 67£ 7 . 5 5* 
a Coefficients ± SE . 
* P< . 05 .  
** P< . 01 . 
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TABLE 17 . LEAST- SQUARES ME.ANSa FOR CALVING INTERVAL AND PERCENT CYCLING 
BY CONDITION SCORE AND DAY POSTPARTUM AT THE START OF THE BREEDING SEASON 
Condition 
score 
No . 
cows May 
Mar�h ,  � 60 d postpartum -4 14 0 . 0+ 5 . 3  
5 41 7 . 5+ 3 . 0  
>6 22 o . O+  4 . 3  -7 6 o . o+ 7 . 8  
Mar�h ,  
> 60 
-4 
5 
>6 -7 
d postpartWI 
45 10 . 0+ 6 . 2c - c 84 17 . 8: 4 . 5d 43 41 . 9: 6 . 2d 25 45 . 9+ 8 . 2  
d postpartum 
> May� DPP 60 -2 
3 ,�3b 
4 
>5 -6 
9 12 . 3+ 6 . 7  
16 o . o± 4 . 8  
27 4 . 8± 3 . 8  
25 4 . 2± 3 . 9  
6 0 . 0± 8 . 2 ' 
d postpartum c 27 0 . 0± 8 . lcd 48 11 . 6± 5 . 9de 62 24 .4± 5 . lf 
45 44 . 9± 6 . 08f 15 44 . 6±10 . 7  
< Jun� , - 60 d postpartum 
-3  
4 
>5 -6 
Jun� , 
> 60 
- 3 
4 
>5 -6 
12 0 . 2± 5 . 5  
22 9 . 5± 4 . 2  
41 2 . 3+ 3 . 0  
8 0 . 7± 6 . 9  
d postpartum c 21 2 . 9z 7 . 9c 74 16 . 5! 4 . 7d 75 31 . 0+ 4 . 7  - e 21 56 . 9+ 8 . 8  
\ cycling 
June 
c 0 . 0±11 . 9cd 26 . 0:t 7 . 0de 35 . 3+10 . 0  - e 6 5 . 8;t17 . 6  
28 . 2+ 7 . 3c - c 43 . 5;t 5 . 2d 77 . 5;t 7 . 3d 76 . 6:t 9 . 6  
c O . Oz15 . 1cd 6 .  9z11 . 3cd 31 . 2f 8 . 7d 
. 41 . 6z 8 .  9 cd 39 . 2z20 . 2  
c 26 . 6z 9 . 5cd 30 . 9+ 6 . 9  - c 47 . 4+ 6 . 1  - e 77 . 8+ 7 . 1  
86 . 2±12 . 6e 
c O . O:t12 . 9cd 22 . 2! 9 . 7da 29 . 5+ 6 . 9  - e 66 . 5!15 . 6  
c 14 . 9! 9 0 2d 43 . 2+ ·s . 5  - e 60 . 5! 5 . 5f 92 . 5+10 . 2  
a 
b Means :r SE . < 
July 
c 44 . 7-t10 . 4d 74 . 4+ 5 . 9  - . e 98 . 5! 8 .  5de 99 . 1±15 . 3  
25 . 8;!:12 . 4� · 
63 . 6+ 9 . 0  - e 88 . 2+ 7 . 0  - e 90 . 7! 7 . 2de 92 . 2+15 . 3  
c 69 . 5;!: 6 . 8cd 78 . 5± 5 . ode 89 . 7± 4 . 38 93 . 6± s . oef 93 . 2± 9 . 0  
c 48 . 1±11 . 0 cd 67 . 2± 8 . 3de 87 . 1+ 6 . 0  - e 100 . 0±13 . 8  
c 57 . 0± 6 . 4d 86 . 5± 3 . 8d 93 . 6! 3 . 8d 90 . 7! 7 . 1  
No . 
cows 
11 
29 
8 
5 
38 
46 
23 
13 
14 
20 
3 
6 
39 
37 
33 
11 
7 
9 
29 
8 
11 
39 
53 
17 
Calving 
interval 
365+ 5 . 1  
353+ 3 . 1  
349+ 6 . 0  
355± 7 . 4 
c 364! 4 .  3d 3 50! 3 . 7cd 357! 4 . 5d 345+ 6 . 8  
3 79+ 2 . 7c - c 3 74+ 2 . 5  - c 374! 2 . 6d 
361+ 4 . 8  
365+ 6 . 4  
355+ 5--. 7  
353+ 3 . 2  
352+ 6 . 0  
379+ 4 . 6  
378+ 2 .  5 
372+ 2 . 1  
371f 3 .  7 
�ondftion score - 3 for t cycling , - for calving interval . c ,  , e ,  Means within column, month and d postpartum with uncommon superscripts 
differ ( P< . 05 ) . 
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TABU: 18 . LEAST-SQUARES MEANS8 ·oF CALVING INTERVAL AND PERCENT CYCLING 
tJEIGHT TO HEIGHT �TIO AND DAY POSTPARTUM AT THE START OF THE !REEDING SEASON 
Yeight to 
height ratio ,No .  
kg/em cows 
< Mar�h , - 60 d postpartum 
-3 . 04 5 0 . 0+  8 . 5  
3 . 22 10 o . o± 6 . 3  
3 . 40 15 0 . 0± 5 . 0  
3 . 58 14 7 . lt 5 . 0 
3 . 76 12 16 . 8t 5 . 4  
>3 . 94 12 O . Ot 5 . 4  - 4 . 12 15 O . ot 5 . 4  
> Mar�h , 60 d postpartum b -3 . 04 ' 26 11 . 5+ 8 . 6bc - c 3 . 2 2 16 6 . o:1o . 1b 3 . 40 21 4 . 4± 9 . �ed 3 . 58 20 16 . 2� 9 . 5cd 3 . 76 28 30 . 9� 7 . 8d 
>3 . 94 29 39 . 5! 7 . 7d -4 . 12 53  36 . 9! 5 . 8  
< May� - 60 d postpar� 
- 2 . 51 5 20 . 7+ 8 . 7  
2 . 68 13 o . o+ 5 . 1  
2 . 86 10 o . oi 6 . 1  
3 . 04 20 4 . 7± 4 . 3  
3 . 22 13 7 . 9± 5 . 3  
>3 . 40 13 0 . 0±  5 . 3  -3 . 58 9 0 . 0± 6 . 4  
> May� 60 d postpartum b -2 . 51 11  1 . 2±12 . � 
2 . 68 29  12 . 4± 7 . 4b 2 . 86 39  9 . 5± 6 . 4b 3 . 04 40 19 . 8± 6 . 4c 3 . 22 3l  42 . 0±  7 . 7c 
�3 . 40 25 40 . 9± 8 . 0c 3 . 58 2 2  46 . 6± 8 . 5  
Jun�, � 60 d postpartum 
2 . 68 2 0 . 0±13 . 8  
2 . 86 11 9 . 4± 6 . 0  
3 . 04 7 0 . 0± 7 . 3  
3 . 22 17 6 . 3± 4 . 8  
3 . 40 17 0 . 0± 4 . 7  
3 . 58 12 0 . 0± 5 . 8  
�3 . 76 18 6 . 2± 4 . 9  
> Jun� , 60 d postpartum b -2 . 68 7 0 . 0±15 . 8bd 
2 . 86 17 12 . 8± 9 . 8  
3 . 04 
3 . 22 
3 . 40 
>3 . 58 3 . 76 
27  
43  
30 
33  
40 
be 6 . 6! 7 . 7cd 22 . 8! 6 . 2 ed 22 . 3± 7 . 4de 32 . 9± 7 . 0. 
48 . 8± 6 . 4  
! sy¢1ing 
June 
20 . 8+20 . 6  
30 . 0+15 . 2  
23 . 6il3 . 1  
7 . 9+12 . 6  
27 . o+l3 . 7  
41 . 1±13 . 2  
35 . 0±31 . 2  
b 18 . 8± 9 . 7bc 27 . 5tl2 . 5b 14 . 7t10 . 4ed 58 . 8±10 . 7c• 5 5 . 3± 8 . 8d• 64 . 6± 8 .  7 d 78 . 3! 6 . 6  
2 . 0+20 . 5  
32 . 9±13 . 3  
10 . 3±14 . 3  
2 1 . 9±10 . 6  
2 6 . 0±13 . 1  
46 . 8±12 . 5  
3 3 . 9±15 . 2  
b 1 8 . 9:!:13 . 5b 24 . 9! 8 . 4b 3 3 . 6:!: 7 . � 
40 . 0+ 7 . 2  - e 8 3 . 8+ 8 . 0  - c 7 6 . 4+ 8 . 9  - e 8 1 . 7! 9 . 5  
48 . 3+31 . 1 
7 . 8+14 . 8  
2 7 . 2+16 . 5  
18 . 6+11 . 1  
2 0 . 4+11 . 1  
6 2 . 4+13 . 0  
25 . 3!10 . 0  
. b 6 . 0!17 . 4be 22 . 9+11 . 1  -
be 39 . 9.t 8 . 5be 30 . 0.t 6 . 8e 4 5 . 7;t 8 . 2d 73 . 9;t 7 . 7d 90 . 6.t 7 . 0  
July 
No . 
cows 
b 43 . 1±17 � 6bc 2 59 . 9±13 . 0bd ' 10 72 . 8:10 . 3be 12 6 3 . 7±10 . 4cde 9 8 9 . 3±11 . 2d 9 9 7 . 8±11 . 2ede 8 9 3 . 2±11 . 2  3 
8 1 . 2+ 7 . 1  24 
82 . 4+ 8 . 9  15 
7 6 . 4+ 7 . 6  1 7  
7 6 . 3+ 7 . 9  11 
84� 1+ 6 . 5 17 
9 2 . 7+ 6 . 4 15 
9 2 . 9± 4 . 9  21  
b 6 . 7t16 . 0ed 1 
83 . 4±10 . 0e 11 6 2 . 0±11 . 2ed 7 77 . 6± 7 . 9c 15 71 . 6± 9 . 7d 8 100 . 0t 9 . 8d 7 100 . 0±11 . 8  4 
b 58 . 6±10 . 1ed 10 88 . Q± 6 . �e 19 73 . 9± 5 . 4d 23  88 . 9± 5 . 4d 18 
9 3 . 4� 6 . 0d 20 
94 . 2± 6 . 7d 18 9 1 . 2± 7 . 1  12 
be 41 . 1t2 7 . 0b 1 51 . 4�11 . 8bed 8 81 . 9±14 . 4be 5 65 . 2± 9 . 3be 13 77 . 0± 9 . 3d 8 100 . 0±11 . 3ed 5 90 . 2± 9 . 5  13 
72 . 7±13 . �c 7 
72 . 6± 8 . 2  13 
bd 86 . 6! 6 . 5b 11  77 . 7+ 5 . �- 24 - :be 80 . 8! 6 . 2ed 18 
92 . 6± 5 . 8d 18  100 . 0± 5 . 3 29 
Calving 
interval 
365+12 . 2  
355+ 5 . 5  
354± 5 . 0  
361± 5 . 7  
352+ 5 . 7  
347; 6 . 1  
363t10 . 0 
377+ 3 . 2  
375+ 4 . 1  
3 73± 3 . 9  
379± 5 . 0  
371+ 3 . 8  
3 8 8.; 4 . 0  
371f 3 . 4 
376+17 . 3  
354+ 5 . 2 
364+ 6 . 5  
3 5 5+ 4 . 4  
3so+ 6 . 1  
348+ 6 . 5  
353! 8 . 6  
380+ 4 . 9  
378± 3 . 6 
371± 3 . 3 
377± 3 . 7  
3 70± 3 . 5  
373± 3 . 6 
373± 4 . 5  
353±17 . 4  
362± 6 . 4  
350± 7 . 7 
360± 4 . 8 
355± 6 . 1  
347± 7 . 9  
350± 5 . 0  
b 387± 5 . 8b 383% 4 . 2  
be 381± 4 . 5d 368± 3 . 1cd 371± 3 . 5cd 373+ 3 . 5  d 371± 2 . 8c 
• Me ns + SE.  b , c , a , e  Means within column, month and day postpartum with uncommon superscripts 
differ ( P< . OS ) .  
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TABLE 19 . LEAST- SQUARES MEANS4 OF CALVING INTERVAL AND PERCENT 
CYCLING BY BACKFAT AND DAY POSTPARTUM AT THE START OF THE BREEDING SEASON 
Backfat , No . 
DIDl COWS May 
< March , - 60 d postpartum 
. 00 7 15 . 8± 7 . 7  
. 51 14 0 . 6± 5 . 2  
. 76 16 0 . 2± 4 . 7  
>1 . 52 14 6 . 5± 4 . 7  - 2 . 54 5 0 . 0± 9 . 0  
March , > 60 d postpartum 
. 00 38 18 . 8± 6 . 7  
. 51 34 7 . 5+10 . 8  
. 76 20 30 . 7+ 8 . 2  
>1 . 52 16 42 . 6t. 9 .  3 - 2 . 54 18 42 . 6±10 . 7  
< May , - 60 d postpartum 
. 00 15 0 . 0± 6 . 1  
. 25 16 5 . 2+ 5 . 4  
. 7 6  1 1  o . 8+ 6 . 1  
>1 . 52 12 1o . o+ 6 . 9  -2 . 54 2 1 . 7t14 . 2  
> May , 60 d postpartum b . 00 55 
. 25 24 
. 76 18 
>1 . 52 17 12 - 2 . 54 
6 .  5! 7 .  7b 15 . 0+ 8 . 6  - c 41 . 6+10 . 2 - c 52 . 0+11 . 6 - c 46 . 6+13 . 3  
June , � 60 d postpartum 
. 00 7 0 . 0+ 7 . 7  
. 25 9 o . o+ 1 . 3  
. 51 12 8 . 3± 5 . 6  
. 76 12 0 . 0± 5 . 6  
>1 . 27 10 11 . 9+ 6 .  7 5 1 . 4i. 8 .  9 -2 . 03 
> June , 60 d postpartum b . 00 14 5 . 9±10 . 8b . 25 29 
. 51 24 
. 76 24 
>1 . 27 19 -2 . 03 16 
a 
4 . 4± 8 . 6b 7 . 7+ 8 . 4  - c 32 . 9+ 8 . 1  - c 44 . 2+ 9 . 8  - c 55 . 6±11 . 0  
! s;;v�l1DK 
.June 
0 . 0±18 . 7  
21 . 8±13 . 2  
27 . 9±12 . 2  
43 . 9±12 . 5  
27 . 4±23 . 8  
b 36 . 6± 7 . 8b 23 . 6± 9 . 9bc 49 . 6±10 . 9cd 77 . 2±12 . 5d 91 . 3±12 . 6 
3 . 9±13 . 8  
11 . 9±12 . 3  
54 . 4±14 . 2  
55 . 4±17 . 2  
10 . 9±32 . 0  
b 17 . 5± 8 . 9b 38 . 1± 9 . 9c 77 . 0±12 . 0c 82 . 1+13 . 4  - c 100 . Q±l5 . 2  
b 7 . 4±16 . 5b 1 . 4±15 . 6b 17 . 3±12 . 5b 15 . 0+12 . 0  - c 6 3 . 1+14 . 9  - c 79 . 9±21 . 0  
30 . 7!13 . �c 
30 . 5!10 . 5bc 34 . 6!10 . 3bc 52 . 2+ 9 . 9  - c 64 . 6!12 . 2d 96 . 8+13 . 4  
July 
68 . 4+15 . 8  
88 . 7+18 . 3  
69 . 1+10 . 6  
76 . 4+ 9 . 7  
9 5 . 2+10 . 6  
75 . 9± 6 . 1  
80 . 0± 7 . 5  
84 . 2± 8 . 6  
93 . 4± 9 . 8  
89 . 4± 9 . 9  
53 . 1±11 . 8  
85 . 9±10 . 6  
87 . 5±11 . 8 
92 . 6±13 . 4  
92 . 6:t27 . 5  
72 . 6+ 7 . 0  
90 . 2+ 7 . 8  
90 . o+ 9 . 3  
86 . 1+10 . 6  
92 . o!l2 . 1  
50 . 9+15 . 4  
77 . 9+14 . 5  
75 . 0+11 . 2  
85 . 2+11 . 2  
9l . D+13 . 4  
93 . 3+17 . 8  
75 . 2+10 . 2  
77 . 2± 8 . 1  
81 . 7+ 8 . 0  
80 . 6+ 7 . 7  
93 . o+ 9 . 3  
92 . 3t10 . 4  
No . Calving 
cows interval 
7 350± 7 . 0  
11 351± 5 . 1  
16 359+ 4 . 2  
14 359+ 4 . 7  
5 345! 8 . 0  
b 37 378± 2 . 5b 32 376t 4 . 0b 18 379± 3 . 6b 15 373+ 4 . 0  
18 362± 4 . 0c 
13 362± 5 . 1  
15 351:t 4 . 7 
11 361+ 5 . 2  
12 346:; 5 . 9  
2 349±12 . 1  
5 5  375+ 3 . 0  
19 373+ 3 . 7  
17 376+ 4 . 0  
17 374+ 4 . 5 
12 369+ 5 . 1  
6 370+ 7 . 2  
8 359± 6 . 6  
11 355± 5 . 1 
12 351± 4 . 9  
10 348± 5 . 8  
5 356± 7 . 7  
14 b 379± 4 . lb 28  378! 3 . 4b 21 380! 3 . 4b 24 377± 3 . 1  
18 365: 3 . 8c 
13 364: 4 . 6c 
b �eans ± SE . 
• ' Means within column, month and d postpartum with uncommon superscripts 
differ (P< . 05 ) . 
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Figure 1 .  The effect of weight to height ratio on c a lving 
Interval for cows > 60 d postpartum at the start of 
the breeding season 
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Figure 2. The effect of weight to he ight ratio on calving 
interval for c ows � 6 0  d · po stpartum at the start of 
the bre e d ing s e a s o n  
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p r ed i c t  c a l v i ng i n t e rval ( P > . 0 5 ) w i th the except i on o f  J un e  
back f a t  mea s u r eme n t s . T h e  e f f e c t s  o f  we i g h t · t o  h e i gh t  
rat i o  i n  March , May and J un e  o n  c a l v i ng i n t e rval fo r e a r l y  
and l a t e  c a l v i ng c ow s  a � e  s h own i n  f i g u r e s  1 and 2 .  A s  
we i gh t  t o  he i g h t  rat i o  i n  June i nc r e a s ed f r om 2 . 4  t o  3 . 4  
k g / em a r educ t i on i n  c a l v i ng i n t e rva l f o r  ear l y  c a l v i ng 
c ows wa s obs e rved . L i t t l e  o r  n o  e f f e c t  on c a l v i n g i n t e rv a l  
wa s f ound f o r  i nc r e a s e s  i n  J un e  we i gh t  t o  he i gh t  ra t i o  
be yo nd 3 . 4  k g / em f o r  e a r l y  c a l v i n g c o ws . A s i m i l a r  
r e s po n s e  was n o t ed f o r  t h e . e f f e c t s  o f  we i gh t  t o  h e i g h t  
r a t i o  i n  March , May and J u n e  o n  c a l v i ng i n t e rval o f  l a t e 
c a l v i ng c ows . C a l v i ng i n t e rva l s  dec r e a s ed i n  the r ang e o f. 
l ow t o  mode r a t e  we i gh t  t o  h e i gh t  r a t i o s w i t h l i t t l e  
r e s p o n s e a s  we i g h t  t o  h e i g h t  r a t i o  i nc r e a s ed f u r t h e r .  
C a l v i n g  i n t e rva l f o r  a g i v en l eve l o f  c ow body 
c o nd i t i on are r e po r t ed in t ab l e s  1 7 , 1 8  and 1 9 . E a r l y  
ca l v i ng c ows w i t h  c o nd i t i on s c o r e  �7 i n  March and �6 i n  May 
had dec r e a s ed ( P < . 0 5 )  c a l v i ng i n t e rva l s . La te c a l v i ng c ow s  
w i t h c o nd i t i o n s c o r e  �3 h ad i nc r e a s ed ( P < . 0 5 )  ca l v i ng 
i n t e rva l s . C ows c a l v i ng e a r l y  w i t h h i gh e r  we i g h t  t o  h e i gh t  
r a t i o s  and bac k f a t  m e a s u r em e n t s i n  June had s h o r t e r . ( P < . O S )  
c a l v i ng i n t e rva l s  as d i d  t h o s e  c o w s  wi th a h i g h l ev e l  o f  
bac k f a t  ( � . 2 5 4  em ) i n  Ma r c h . 
D i s c us s i on H i gh e r  l ev e l s  o f  ear l y  and l a t e  w i n t e r  
nu t r i t i on i n c r ea s ed c ow b ody c o nd i t i o n and pe r f o rman c e  a s  
de t e rm i n ed prev i o u s l y  ( W i l t bank e t  a l . ,  1 9 6 2 ; W i l tbank e t  
a l . ,  1 9 6 4 ; Wh i tman , 1 9 7 5 ;  C o r ah e t  � 1 . ,  1 9 7 5 ; B e l l ow s  and 
S h o r t , 1 9 7 8 ; Be l l ow s  et a l . ,  1 9 8 2 ) . Thomp s on et al . ,  
( 1 9 8 3 a ) , Wag n e r  ( 1 9 8 5 ) and H o ug h t o n ( 1 9 8 6 ) f o und that 
c ond i t i o n s c o re fo l l owed b y  we i gh t  t o  h e i gh t  r a t i o  w e r e  
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mo s t  ade qua t e  a t  i nd i c a t i ng body c ompo s i t i on and pr e v i o u s  
e n e r g y  i n t a k e . The h i g h e s t  c o r r e l a t i on s  o f  c o w  body 
c ond i t i o n meas u r eme n t s  w e r e  f o und b e tw e e n  c ond i t i on s c o r e 
and we i gh t  to h e i gh t  ra t i o . Dunn e t  a l . ,  ( 1 9 8 3 ) f o u nd 
we i gh t  h e i gh t  rat i o  h i g h l y  c o r r e l e a t ed· ( r  = . 7 2 )  w i th 
c ondi t i on s c o r e . Back f a t  m e a s u r emen t s  may have l im i t ed u s e  
a s  an i nd i c a t o r  o f  c ow b o d y  c o nd i t i on and pe r f o rmanc e . 
D u r i ng t h e  w i n t e r  pr oduc t i on pe r i od a maj o r i t y o f  m ed i um t o  
l a r g e  f rame c r o s s  b r ed c o w s  a r e  � 5  c o nd i t i on s c o r e  a t  
c a l v i n g and o r  b r e e d i n g . C ow s  o f  th i s  body condi t i on 
av e raged . 5  mm bac k f a t  o r  l e s s , a magn i tude d i f f i cu l t  t o  
me a s u r e  accura t e l y . F o r  t h i s  r e a s o n  bac k f a t  measu r eme n t s  
we r e  n o t  r e c o rded t h e  f i n a l  ye a r  o f  the s t udy . 
W i th i n  l ow e ne r g y  l a t e  w i n t e r  t r e a tment th i n  c ow s  
l o s i ng body c o ndi t i on f r om c a l v i ng u n t i l  M a y  h ad l ow e r  B H B  
l e ve l s  a n d  h i g h e r  s e r um u r e a  n i t r o g e n  l e v e l s  than c ow s  
t h a t  had been on h i gh e a r l y · w i n t e r  t r eatment and h a d  
h i gh e r  ave r ag e  body c on d i t i on . Th i s  i s  an i nd i cat i on t h a t  
th i n  c ows l o s i ng body c o n d i t i o n we r e  me t abo l i z i ng body 
t i s s u e  p r o t e i n s  for ene r g y  wh i l e ave rag e and above av e r a g e  
c ond i t i oned c ow s  l o s i ng b o d y  c o nd i t i o n w e r e  metab o l i z i n g  
s t o r e d  body fat f o r  e n e r g y . BHB h a s  been s h own t o  b e  an 
6 1  
ade qua t e  i nd i c a t o r  o f  nut r i t i on a l  s ta t u s  i n  s h e e p  ( L ynch 
and J ac k s on , 1 9 8 3 ) , ·  be e f  c a t t l e  ( Ru s s e l  and W r i g h t , 1 9 8 4 ) 
and da i ry ca t t l e  ( He rdt e t  a l . ,  1 9 8 1 ) f ed ene rg y  r e s t r i c t ed 
d i e t s . B l ood u r e a  n i t ro g e n h a s  b e e n  sug g e s t e d  a s  an 
i nd i c a t o r  of nu t r i t i o n a l  s t a t u s  in ewe s fed ene r g y  
re s t r i c t ed d i e t s  ( S yk e s , 1 9 7 8 ) . I n  th i s  s tudy t h e s e  b l o od 
me t ab o l i t e s  we re ab l e  t o  i nd i c a t e  w i de d i f fe r enc e s  i n  c ow 
n u t r i t i o na l s ta tus . Due t o  i nd i v i du a l  var i a t i on i n  
BHB and u r e a  n i t r o g e n  l ev e l s  w e  w e r e  no t ab l e  t o  p r ed i c t  
sma l l d i f f e renc e s  i n  c o w  nu t r i t i o n a l  s t atu s . 
P e rc e n t age o f  c o w s  c yc l i ng at the s ta r t  o f  t h e  
b r e ed i ng s e a s o n  i s  d i r ec t l y  r e l a t ed t o  cow body c o ndi t i o n . 
As c o nd i t i o n s c o r e , we i gh t  t o  h e i gh t  r a t i o  and back f a t  
i nc r e a s ed at c al v i ng and b r e e d i ng t h e  pe rcentage o f  c ow s  
c yc l i ng p r i o r t o  and du r i ng t h e  b r e ed i ng s ea s on i nc r e a s ed . 
Wh i tman ( 1 9 7 5 ) , Houg h t o n  ( 1 9 8 6 ) and R i chards e t  a l . ( 1 9 8 6 ) 
a l l  s h owed that r e t u rn t o  e s t ru s  was has t ened as c ow body 
c o nd i t i o n at c a l v i n g wa s i nc r ea s ed . The i n t erac t i o n 
be twe e n  c ondi t i on s c o r e  p r i o r  t o  c a l v i ng and c o ndi t i o n 
s c o r e a t  the s ta r t  o f  t h e  b r e e d i ng s e as on f o r  c yc l i c i t y 
i nd i c at e s  that i t  was i mp o r ta n t  fo r th i n  cows at c a l v i ng t o  
ma i n t a i n  o r  ga i n  body c o nd i t i o n f r om ca l v i n g t o  b r e e d i n g i n  
o rde r f o r  a h i gh pe r c e n t a g e  o f  th e s e  cows to be c yc l i c at 
the b e g i nn i ng o f  the b r e e d i n g s ea s on . S i m i l a r  t o  
c onc l u s i ons by Dunn a n d  Ka l t e nbach ( 1 9 8 0 ) l � t t l e  o r  no 
advan tag e  i n  cyc l i c i t y was o b s e r v e d  f o r  c ows that 
ma i n t a i ne d  o r  ga i ned body c o nd i t i on fr om c a l v i ng t o  
b r e ed i ng t h a t  we r e  i n  av e r ag e  o r  above ave rag e body 
c o nd i t i on a t  c a l v i ng . 
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The r e l a t i on s h i p  be t w e e n  l ev e l o f  nu t r i t i o n and 
b ody c o n d i t i o n w i t h ca l v i ng i n t e rva l we r e  l e s s  p r onounc e d . 
I n  c o n t r a s t  t o  c yc l i ng da t a  n o  i n t e r ac t i on s  b e tween c ow 
b ody c o ndi t i o n p r i o r  to t h e  c a l v i ng s ea s o n  i n  March and 
body c o nd i t i o n i n  May o r  J u n e  f o r  l e n g t h  o f  c a l v i ng 
i nt e r v a l  we r e  obse rved . T o  avo i d  i nc r e � s e d  ca l v i ng 
i n t e rva l s  f o r  e a r l y  ca l v i ng c ows a t a r g e t  c o w  body 
c ond i t i o n o f  3 . 2  Kg / em we i gh t  t o  he i gh t  rat i o  or n e a r  a 
c on d i t i on s c o r e  4 at th e b e g i nn i ng o f  the b r e ed i ng s e a s on 
s h o u l d  be reached r e g a rd l e s s  of p r e v i o u s  body condi t i o n . 
S h o r t e r  c a l v i ng in t e rva l s  have b e en a s s o c i at ed wi th h i g h e r  
body c o nd i t i on s c o r e s  a t  ma t i n g  b y  K i l k enny ( 1 9 7 8 ) and van 
N i e k i rk ( 1 9 8 2 ) . H i gh e r  c ow body c on d i t i on at cal v i n g and 
b r e ed i ng dec r e a s e d  c a l v i ng i n t e rva l s  for l a t e  c a l v i ng c o w s  
w i t h t a rg e t  body cond i t i o n s  o f  3 . 5 ,  3 . 3  and 3 . 1  k g / e m  
we i gh t  to h e i g h t  rat i o s i n  m i d - March , e a r l y  May and June , 
r e s pe c t i v� l y .  Th i s  wo u l d  i nd i c a t e  t h a t  l a t e  ca l v i ng c ow s  
n e ed t o  b e  o f  c o nd i t i o n s c o r e  5 a t  c a l v i ng and r ema i n  abo v e  
c o nd i t i on s c o r e  4 pr i o r  t o  t h e  s ta r t  o f  th e b r e ed i ng s e a s on 
i n  o rd e r  t o  avo i d  e x t ended c a l v i ng i n t e rval s .  
P r e gnanc y r a t e s  w e r e  n o t  a f f ec t ed by n u t r i t i on a l  
t r e a tm e n t s  o r  c ow body c o n d i t i on and we r e  > 9 5 % f o r  eac h 
year . W i l tbank et a l  ( 1 9 6 2 ) r e po r t ed that cows f e d  l ow e r 
l e v e l s  o f  ene r g y  a f t �r c a l v i n g  h ad dec r e a s ed pregnan c y  
r a t e s  -and K i l k enny ( . 1 9 7 8 ) a n d  S e l k  e t  a l . ( 1 9 8 5 ) obs e rv e d  
l owe r e d  p r e gnanc y ra t e s  a s  c ow c on d i t i on s c o r e  at ca l v i ng 
o r  mat i ng dec r e a s e d . Oppo r t un i t y f o r' h i gh c omp en s a t o r y  
g a i n  fo l l ow i ng l a t e  w i n t e r  nu t r i t i o n a l  t r ea tmen t s  ma y b e  
t h e  r e a s o n  n o  d i f f e r enc e s  i n  p r e g nanc y r a t e s . I n  th i s  
s t udy c ows fed l owe r l e ve l s  o f  e ar l y  and l a t e  w i n t e r  
s u pp l em e n t a t i on and t h i n  c ow s  a t  c a l v i ng and o r  b r e e d i ng 
had e x t ended c a l v i ng i n t e r v a l s .  Ove r  s � v e r a l  ye a r s , i n  a 
s y s t e m  w i t h  a l i m i t ed b r e e d i ng s ea s on , t h o s e  cows wou l d  
e v e n t ua l l y  fa i l  t o  bec ome p r e gn a n t . 
C o w  body c o nd i t i on s h o u l d  be mon i t o r ed and c an b e  
u s ed t o  manage be e f  c ow w i n t e r i n g p r o g r ams . C ows that 
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e n t e r  t h e  w i n t e r  p r oduc t i o n p e r i od i n  D e c embe r w i th a 
h i g h e r  d e g r e e  o f  c o nd i t i o n � r e  a t  an advantag e i n  t e rm s  o f  
r e ach i ng tar g e t  body c o n d i t i o n s  a t  ca l v i ng o r  b r e ed i ng and 
p r oduc i ng h i gh e r  p e r c e n t ag e s  o f  c ow s  c yc l i ng at t h e  
b e g i nn i ng o f  t h e  b r e e d i ng s e a s on a n d  dec r eas i ng c a l v i ng · 
i n t e rva l s . Th i n  c ows i n  D e c e mb e r  w o u l d  have to be f e d  
h i gh e r l e ve l s  o f  w i n t e r  n u t r i t i on t o  reach t a r g e t  body 
c o nd i t i o n l e v e l a t  c a l v i ng f o r  i t  may be di f f i c u l t t o  
i nc r e a s e body c o n d i t i o n o f  c ow s  du r i n g  l ac t at i on . T o  
s h o r t en c a l v i ng i n t e rva l s o f  l at e  c a l v i ng c o w s  h i g h e r  
t a rg e t  body c ond i t i o n s  a t  c a l v i ng and b r e ed i n g  m a y  b e  
n e e ded than ear l y  ca l v i n g c ow s . 
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Unde r nu t r i t i o n i n  g r a z i ng s h e e p . I .  C h an g e  i n  t h e  
c o mpo s i t i o n o f  t h e  b o dy , b l o o d and r um e n c o n t e n t s . 
Aus t r a l i an J .  A g r . R e s . 2 3 : 4 8 3 . 
F a w c e t t , J .  K .  and J .  E .  S c o t t . 1 9 6 0 . S p e c t r o p h o t o me t r i c  
d e t e rm i n a t i o n o f  u r e a - N  i n  p l a s m a  o r  s e r u m . J .  
C l i n . Pa t h . 1 1 : 4 1 9 . 
F e r r e l l , C .  L . , W .  N .  Gar r e t t  a nd N .  H i nman . 1 9 7 6 . G r owt h , 
d e v e l opmen t a n d  c o m p o s i t i o n o f  t h e  udde r a n d  g r a v i d  
u t e ru s  o f  b e e f h e i f e r s . J .  An i m . S c i . 4 2 : 1 4 7 7 . 
F e r r e l l , C .  L . , and T .  G .  J e n k i n s . 1 9 8 4 . E n e r g y  
u t i l i z a t i o n b y  ma t u r e , nonp r eg n an t , n o n l a c t a t i n g 
c ow s  o f  d i f f e r e n t  t yp e s . J .  A n i m . S c i . 58 : 2 3 4 . 
F l e c k , A .  T . , K .  S · . L u s b y , J .  J .  Wa g ne r , J .  C .  Ga r m e n d i a  
and R .  P .  W e t t e m a n n . 1 9 8 5 . E f f e c t  o f  l a t e  s p r i n g 
and s umme r p r o t e i n  s upp l eme n ta t i o n w i t h and w i t h o u t  
l a s a l o c i d  o n  l ac t a t i n g be e f  c o w s . Ok l ah o m a  S t a t e  
U n i v . and U S D A  R e s . R e p . MP - 1 1 7 .  pp 2 0 2 - 2 0 6 . 
Ga l t , H • . D . , B .  Th e u r e r ,  J .  H .  E h r e n r e i c h , W .  H .  H a l e  a nd 
S .  C .  Ma r t i n . 1 9 6 9 . B o t an i c a l  c o mp o s i t i o n o f  d i e t  
o f  s t e e r s  g r a z i n g d e s e r t  g r a s s l a nd r a n g e  . . J .  R a n g e  
M a n a g e  . 2 2 : 1 4  . 
Ga r n s w o r t h y , P .  C . , and J .  H .  T o pps . 1 9 8 2 . T h e  e f f e c t o f  
b o d y  c o n d i t i o n o f  da i r y c o w s  a t  c a l v i ng on t h e i r  
f o od i n t a k e  and p e r f o rmanc e wh e n  g i v e n  c o mp l e t e  
d i e t s . An i m . P r o d . 3 5 : 1 1 3 . 
G i l l , D . R .  1 9 7 9 . P r i n c i p l e s  o f  w i n t e r  s u pp l e me n t a t i o n  o f  
b e e f  c a t t l e . M o n t an a  S t a t e  U n i v . R e s . R e p . 1 3 8 . 
pp 6 - 1 3 . 
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Graham , J .  F .  1 9 8 2 . The e f f e c t  o f  body c o n d i t i o n o f  b e e f 
c ows a t  c a l v i n g and po s t  c a l v i ng nu t r i t i o n o n  c a l f 
g rowth r a t e  and c ow f e r t i l i t y .  Proc � o f  Au s t r a l ian 
S oc . of An i m . P r o d . 1 4 : 3 0 9 . 
Graham , J .  F .  and A .  J .  C l a r k . 1 9 8 3 . The r e l a t i on s h i p  o f  
c o ndi t i o n s c o r e  t o  c a r c a s s  data i n  be e f  c a t t l e . 
Aus t r a l i an S o c . An i m . P r o d . 1 5 : 3 6 9 . 
Graham , J .  F . , A .  J .  C l a r k  and S .  A .  S p i k e r . 1 9 8 4 . The 
repeatab i l i t y  and accuracy of c ond i t i o n s c o r i ng 
be e f  c a t t l e . Au s t ra l i an S oc . An i m . Prod . 1 6 : 6 8 4 . 
G r e s ham , J �  D . , J .  W .  H o l l ow a y , W .  T .  B u t t s , J r . and J .  R .  
Mc C u r l e y . 1 9 8 6 . P r ed i c t i o n o f  ma ture c o w  c a rc a s s 
c o mpo s i t i on f r om l i v e an i ma l  m e a s u r eme n t s . J .  
An i m . S c i . 6 3 : 1 0 4 1 . 
Hanc ock , K .  L . , J .  R .  K r opp , K .  S .  Lusby , . R .  P .  We t t emann 
and D .  S .  Buchanan . 1 9 8 5 a . T h e  i n f l uenc e o f  
po s t pa r t um n u t r i t i o n and wean i n g  age o f  c a l v e s  on 
c o w  body c o nd i t i o n , e s t r u s , c o ncept i o n rate and 
c a l f pe r f o rmanc e of f a l l - c a l v i n g be e f  c ow s . J .  
An i m . S c i . 6 1  ( S uppl . 1 ) : 4 3 2 . 
Hanc ock , K .  L . , J .  R .  Kr opp , K .  S .  Lusb y , R .  P .  We t t emann , 
D .  S .  Buchanan and C .  Wo r t h i ng t o n . 1 9 8 5b . The 
i n f l u e nc e of po s t pa r t um n u t r i t i o n and wean i n g age 
of calves on c o w  body c ond i t i o n , e s t ru s , c on c e p t i o n 
r a t e  and c a l f pe r f o rm an c e  o f  f a l l - ca l v i ng be e f  
cows . Ok l ah oma S t a t e  Un i v . and USDA R e s . R e p . 
MP- 1 1 7 . pp 1 8 0 - 1 8 5 . 
H e rd , D .  B .  1 9 8 6 . Re l a t i on s h i p  o f  body c o nd i t i o n s c o r e s  
( BC S ) t o  mea s u r e s  o f  body c omp o s i t i o n f o r  be e f  c ow s  
- a sugge s t i on f o r  u s e  i n  e x t en s i on prog rams . J .  
An i m . S c i . 6 3  ( S u p p l . 1 ) : 2 5 .  
H e r d , D .  B .  and L. R .  S pr o t t . 1 9 8 6 . Body c o nd i t i o n ,  
nu tr i t i o n and r e p r oduc t i o n o f  be e f  c ow s . T e x a s  
Ag r . E x t . S e rv i c e  B � 1 5 2 6 . 
H e rd t , T .  H . , J .  B .  S t e v e n s , J .  L i nn and V .  La r s on . 1 9 8 1 . 
I n f l u e n c e  o f  r a t i o n c ompo s i t i on and ene r g y  ba l anc e 
on b l ood B - h yd r o x ybu t y r a t e ( k e t one ) and p l a s m a  
g l uc o s e  c o n c en t r a t i o n s  o f  da i ry c o w s  i n  e a r l y  
l ac t a t i on . Ame r . J .  V e t . R e s . 4 2 : 1 1 7 7 . 
H i ro naka , R .  and H .  F .  P e t e r s . 1 9 6 9 . En e r g y  r e qui r e me n t s  
f o r  w i n t e r i ng ma t u r e  p r e gnant b e e f c ows . Can .  J .  
An i m . Sc i . 4 9 : 3 2 3 . 
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H o l l oway , J .  W . , D .  F .  S t e p h e n s , J .  · v .  Wh i t eman and R .  
T o t u s e k . 1 9 7 5 . P e r f o rman c e  o f  3 - year - o ld 
H e r e f ord , H e re f o r d  X H o l s t e i n  and H o l s t e i n  c o ws Q n  
range and . i n  d ry l o t . J .  An i m . S c i . 4 0 : 1 1 4 .  
H o u g h t o n , P .  L .  1 9 8 6 . E f f e c t  o f  b ody c ompo s i t i on o n  
nu t r i t i ona l and r e p r oduc t i v e e f f e c i enc y o f  be e f  
c ow s . Ph . D .  D i s s e r t a t i on ,  Pu rdu e  Un i v . , We s t  
Lafaye t t e , I nd i ana . 
Hugh e s , J .  H . , D .  F .  S t ep h e n s , K .  S .  Lusby , L .  S .  P o pe , J .  
V .  Wh i t eman , L .  J .  S m i t h s on and Robe r t  T o t u s e k . 
1 9 7 8 a .  L o ng - t e r m  e f f e c t s  o f  w i n t e r  supp l eme n t  on 
g r owth and dev e l o pm e n t  of h e r e fo rd rang e fema l e s . 
J .  An i m �  S c i . 4 7 : 8 0 5 . 
Hugh e s , J .  H . , D .  F .  S t e ph e n s , K .  S .  Lusby , L .  S .  P o p e , J .  
V .  Wh i t eman , L .  J .  S m i t h s on and Rob e r t  T o t us e k . 
1 9 7 8b .  Long - t e rm e f f e c t s  o f  w i n t e r  s u pp l em e n t  o n  
t h e  pr oduc t i v i t y o f  r a n g e  c o ws . J .  An i m . S c i . 
4 7 : 8 1 6 . 
J o rdan , W .  A . , E .  E .  L i s t e r  and G .  J .  R o w l ands . 1 9 6 8 . 
E f f e c t  o f  p l an e s o f  n u t r i t i o n on w i nt e r i n g pr e g na n t  
be e f  c ows . Can . J .  An i m . S c i . 4 8 : 1 4 5 . 
Ka l t e nbach , C .  C .  1 9 7 3 . A c h i e v i ng r e pr oduc t i v e 
e f f i c i en c y . I n : P r o c e ed i ng s , T h e  Rang e B e e f  C o w  
S ympo s i um I I I . Rap i d  C i t y ,  S ou t h  D ak o ta . pp 4 7 - 5 0 . 
Kar t c h n e r ,  R .  J . , and C .  M .  C ampbe l l . 1 9 7 9 . I n t a k e  and 
d i g e s t i b i l i t y of r a n g e  f o r ag e s  c o n s umed by 
l i v e s tock . Mo n t an a  S t a t e  Un i v . and US DA . 
Bu l l . 7 1 8 . 
Ke rch e r , C .  J . , and T .  G .  Dunn . 1 9 7 1 . Nu t r i t i o na l  
t i me t ab l e  f o r  r e p r o duc t i on . I n : P r o c e ed i ng s , Th e 
Ran g e  B e e f C o w  S ymp o s i um I I . C h e yenne , Wy o m i n g . 
pp 3 6 - 4 4 . 
K i b l e r , H .  H .  and S .  B r ody . · 1 9 5 1 . E n v i r o nme n t a l  
ph ys i o l o g y . X I I I . I n f l uenc e o f  i n c r e as i ng 
tempe rature 4 0  t o  1 0 5  F on h e a t  pr oduc t i o n and 
card i o - r e s p i ra t o r y ac t i v i t i e s  i n  B r own S w i s s  and 
B r ahman c ow s  and h e i f e r s . Un i v .  Mo . Re s . Bu l l . 
4 7 3 . 
K i l k enny , J .  B .  1 9 7 8 . R e p r odu c t i v e  pe r f o rmanc e o f  be e f  
c ows . Wo r l d  R e v i e w o f  An i m . Prod . 1 6 : 6 5 .  
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K l o s t e rman , E .  W . , L .  G �  S a n f o rd and C �  F .  Parke r . 1 9 6 8 . 
E f f e c t  o f  c ow s i z e and c o nd i t i on and r a t i o n p r o t e i n  
c o n t e n t  upon ma i n t e nanc e r e qu i r eme n t s  o f  ma t u r e  
be e f  cows � J .  An i m . S c i . 2 7 : 2 4 2 . 
Lamo nd , D .  R . , J .  H .  G .  H o l m e s  and K .  P .  Haydock . 1 9 6 9 . 
E s t i mat i o n o f  y i e l d  and c ompo s i t i o n o f  m i l k 
produc ed by g r a z i ng b e e f  c o w s . J .  An i m . Sc i . 
2 9 : 6 0 6 . 
Lemenag e r , R .  P . , L .  A .  N e l s on and K .  S .  H e ndr i x . 1 9 8 0 . 
I n f l ue n c e  o f  c o w  s i z e and b r e e d  t yp e  o n  e n e r g y  
requ i rement s .  J .  An i m . S c i . 5 1 : 5 6 6 . 
L i s t e r , E .  E . , W .  A .  J o r dan , J .  M .  Wau thy , J .  E .  Comeau and 
W .  J .  P i gden . 1 9 7 2 . E f f ec t s  of hous i ng and t yp e  
o f  f o rage on t h e  r e s p o n s e  � f p r egnant b e e f c o w s  t o  
d i e t ary e n e r g y  i nt ak e  i n  w i n t e r . Can . J .  An i m . 
S c i .  5 2 : 6 7 1 . 
Long , C .  R . , T .  S .  S t ewa r t , T .  C .  C a r twr i gh t  and T .  G .  
J enk i n s . 1 9 7 9 . C h a r ac t e r i z a t i on o f  ca t t l e  o f  a 
f i ve b r e ed d i a l l e l : I I . Meas u r e s o f  s i z e , 
c o nd i t i on and g r ow t h  i n  h e i f e r s . J .  An i m . S c i . 
4 9 : 4 3 2 . 
L o wman , B .  G . , N .  A .  S c o t t  and S .  H .  S ome rv i l l e . 1 9 7 6 . 
C o nd i t i o n s c o r i ng o f  c a t t l e . 1 9 7 6 . Ea s t  o f  
S c o t l and C o l l e g e  o f  A g r . B u l l . 6 .  
L ynch , G .  P . , and C .  Jac k s on . 1 9 8 3 . A m e t h o d f o r  
as s e s s i n g t h e  nut r i t i o n a l  s ta t u s  o f  g e s t a t i ng ewe s . 
Can . J .  An i m . S c i . 6 3 : 6 0 3 . 
Mc C o n e , W .  C .  1 9 8 0 . W i n t e r  f e e d i ng r e qu i r emen t s  f o r  b e e f 
c ow s  du r i ng c o l d  w e a t h e r  s t r e s s . S o uth Dak o t a  
S t ate Un i v . R e s . R e p . 8 0 - 5 . p p  5 8 - 5 9 . 
Mu r ray , J .  A .  1 9 1 9 . M e a t  p r o duc t i on . J .  Ag r . S c i . 
( Camb . ) 9 : 1 7 4 • 
N e l s o n , T .  C . , R .  E .  S h o r t , W .  L .  Reyno l ds and J .  J .  U r i c k . 
1 9 8 5 . Pa l pa t ed and v i s u a l l y  a s s i gn e d  c o nd i t i o n 
s c o r e s  c ompa r e d  w i th w e i g h t , h e i g h t  and h e a r t  g i r t h 
i n  H e r e f o rd and c r o s s b r e d  c o w s . J .  An i m . S c i . 
6 0 : 3 6 3 . 
NRC . 1 9 7 6 . Nu t r i e n t  r e qu i r eme n t s  o f  dome s t i c  an ima l s .  
No . 4 .  Nut r i en t  r e qu i r em e n t s  o f  be e f  c a t t l e . F i f t h  
Rev i s ed Ed . Nat i o na l Academy o f  S c i e nc e s - Nat i o na l 
R e s earch C o u nc i l , W a s h i n g t on , DC . 
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NRC . 1 9 8 1 . E f f e c t  o f  E n v i r o nm e n t  on Nu t r i e n t  R e qu i r emen t s  
o f  Dome s t i c  An i ma l s .  W a s h i ng t on , DC . :  N a t i o n a l  
Ac ademy Pre s s . 
NRC . 1 9 8 4 . Nut r i e n t  r e qu i r e me n t s  o f  domes t i c  an i ma l s .  
No . 4 .  Nut r i en t  r e qu i r e me n t s  o f  be e f  c a t t l e . S i x th 
Rev i s e d  Ed . Na t 1 o na l  Academy o f  S c i enc e s -Na t i o n a l  
R e s earch C o unc i l ,  Wa s h i ng t o n ,
.
DC . 
P r i o r , R .  L .  and D .  B .  L a s t e r . 1 9 7 9 . D eve l opme n t  o f  t h e  
bov i n e  f e t u s . J .  An i m . S c i . 4 8 : 1 5 4 6 . 
P r i t c ha r d , R .  H .  and J .  R .  Ma l e s . 1 9 8 2 . E f f ec t o f  
s upp l eme n t a t i on o f  wh e a t  s t r aw d i e t s  t w i c e  a day o n  
rume n ammon i a , v o l a t i l e f a t ty ac i d s  and C O W  
pe r f o rmanc e . J .  An i m . S c i . 5 4 : 1 2 4 3 . 
Rak e s t raw , J . , K .  S .  L u s b y , R .  P . W e t temann and J .  J .  W a g n e r  
1 9 8 4 . E f f ec t s  o f  p o s tpa r t um we i gh t  l o s s  o n  
pe r f o rmanc e o f  fa l l  c a l v i n g  c ow s . Ok l ahoma S t a t e  
Un i v . R e s . Rep . MP - 1 1 6 . p p  1 2 5 - 1 2 7 . 
Ra sby , R .  J . , R .  P .  We t t emann and R .  D .  Ge i s e r t . 1 9 8 5 . 
I n f l ue n c e  o f  body c o n d i t i o n o f  pr e gnant c o ws o n  
amn i on i c  and a l l an t o i c  f l u i d  c o n s t i tuen t s  and 
p l asma e s t r o g en . J : An i m . S c i . 6 1  ( S upp l . 1 ) : 3 7 9 . 
R i c h a rd s . ,  M .  W . , J .  C .  S p i t z e r  and M .  B .  Wa r ne r . 1 9 8 6 . 
E f f e c t  o f  vary i ng l e ve l s  o f  po s tpartum nu t r i t i on 
and body c o nd i t i o n a t  c a l v i ng o n  s ub s e qu e n t  
r e p r oduc t i ve pe r f o rm an c e  i n  be e f  c a t t l e . J .  An i m . 
S c i . 6 2 : 3 0 0 . 
R i t t e n h o u s e , L .  R . , D .  C .  C l an t on and C .  L .  S t r e e t e r . 
1 9 7 0 . I ntake and d i g e s t i b i l i t y o f  w i n t e r  r an g e  
fo rag e by ca t t l e  w i t h and w i t h o u t  suppl emen t s . 
J .  An i m . S c i . 3 1 : 1 2 1 5 . 
Rush , I .  G . , D .  C .  C l ant o n , T .  B e rg and M .  Kno t t . 1 9 8 5 . 
P r o t e i n  supp l eme n t a t i o n  and Bova t e c  f o r  be e f  c o w s . 
Un i v . o f  N e b r a s k a  R e s . Rep . MP- 4 8 . pp 1 1 - 1 2 . 
Ru s s e l , A .  J .  F . , and I .  A .  W r i gh t . 1 9 8 4 . T h e  u s e  o f  
b l ood me tabo l i t e s  i n  t h e  d e t e rm i na t i on o f  ene r g y  
s ta t u s  i n  be e f  c ow s . A n i m . Prod . 3 8 : 3 3 5 . 
Rut t e r ,  L .  M . , and R .  D .  Rande l .  1 9 8 4 . Po s t pa r t um 
nu t r i e n t  i nt a k e  a n d  body c on d i t i on : E f fe c t  on 
p i t u i t a r y  func t i o n and o n s e t o f  e s t ru s  in be e f  
c a t t l e . J .  An i m . S c i . 5 8 : 2 6 5 . 
S a l s bu r y , R .  L . , J .  A .  H o e f e r  and R .  W .  Lue k e . 1 9 6 0 . 
SAS . 
E f f e c t  o f  f e ed i ng c e r t a i n  d e f i n e d  nu t r i en t s  o n  
c e l l u l o s e  d i g e s t i on and vo l a t i l e fat t y  ac i d  
c o nc e n t ra t i on o f  t h e  rume n . J .  Da i r y S c i . 
4 4 : 1 1 2 2 . 
1 9 8 5 . SAS U s e r ' s . Gu i d e : S ta t i s t i c s , Ve r s i o n 5 
E d i t i o n . S AS I n s t . , C a r y , N C . 
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S a t t e r , L .  D .  and L .  L .  S l yt e r . 1 9 7 4 . E f f e c t  o f  a mmo n i a  
c on c e n t ra t i o n o n  rumen m i c r o b i a l  p r o t e i n  p r o duc t i on 
i n  v i t r o . B r . J .  Nu t r . 3 2 : 1 9 9 . 
S e l k , G .  E . , R .  P .  We t t emann , K .  S .  L u s b y , J .  W .  O l t j e n  and 
R .  J .  Rasby . 1 9 8 6 . C an body c ondi t i o n s c o re a t  
c a l v i ng b e  u s ed t o  p r ed i c t  r e p r oduc t i ve 
pe r f o rmanc e ?  J .  An i m . S c i . 6 3  ( S upp l . 1 )  : 2 3 .  
S e l k , G .  E . , R .  P .  W e t t emann , J .  W .  O l t j en ,  K .  S .  L u s b y , S .  
L .  Mobl e y , R .  J .  Ra s b y , and J .  C .  Ga rmend i a . 1 9 8 5 . 
R e l a t i on s h i ps o f  p r e pa r tum nu t r i t i o n , b o dy we i g h t , 
c o nd i t i o n s c o r e s  and r e p r oduc t i ve pe r f o rmanc e i n  
be e f  c ows . J .  An i m . S c i . 6 1  ( S uppl . 1 )  : 4 3 4 . 
S h a i n , D .  H . , D .  L .  H i x o n , W .  C .  Rus s e l l  and T .  G .  D u n n . 
1 9 8 5 . T h e  e f fe c t  o f  h i gh v s  l ow prepa r t um e n e r g y  
i n t ake i n  b e e f  c a t t l e  o n  r e p r oduc t i v e pa rame t e r s . 
J .  An i m . S c i . 6 1  ( S u p p l . 1 ) : 1 9 9 . 
S i gma D i agno s t i c s . 1 9 8 5 . S i gma D i ag n o s t i c s , S t  L o u i s ,  MO . 
pp 1 - 7 . ( Ba s ed o n  m e t h o d  o f  D .  H .  W i l l i am s o n  e t  a l . ,  
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